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Executive Summary

The current evaluation of the remediation efforts at the Homestake Mining Company
(Grants) Superfund site has been conducted on behalf of the US Environmental
Protection Agency (US EPA) by the US Army Corps of Engineers Environmental and
Munitions Center of Expertise. The evaluation is intended to supplement the previous
Remediation System Evaluation (RSE) conducted for the site by Environmental Quality
Management (EQM, 2008). Specific issues remaining from the RSE, as identified in the
Scope of Work (Appendix A), have been addressed through data analysis and conceptual
design, including:

1) Evaluate the capture of contaminant plumes in the alluvial and Chinle aquifers.

2) Evaluate the overall strategy of flushing contaminants from the large tailings
pile with discharge of wastes to on-site evaporation ponds and to identify and
compare alternatives.

3) Assess potential modifications to the current ground water treatment plant to
improve capacity.

4) Evaluate the projected evaporation rates for the existing on-site ponds and for
a proposed evaporation pond west of the on-site tailings piles, as it may affect
the restoration activities at the site.

5) Assess the adequacy of the monitoring network at the site.

6) Evaluate the current practice of irrigating with untreated water.

7) Evaluate the smaller of the two tailings piles at the site as a potential source of
contamination and the future need for a more conservative cap than the radon
barrier.

A process fostering involvement and input from various stakeholders had been
developed soon after the initiation of the project and has been very helpful in focusing
and facilitating the analysis.

The analysis of current and past environmental conditions as well as the current and
past operations of the extraction, injection, and treatment systems has been conducted by
the USACE EM CX following a site visit in April, 2009. It appears that the current
remediation systems have been making significant progress in improving ground water
quality at the site and Homestake Mining Company has been diligently working in good
faith toward restoring the environment. There are a number of major conclusions from
the evaluation of the efforts.

» Ground water quality restoration is very unlikely to be achieved by 2017
with the current strategy.

* Flushing of the large tailings pile is unlikely to be fully successful at

removing most of the original pore fluids or to remediate the source mass
present in the pile due to heterogeneity of the materials.
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* Long screened intervals in wells complicate the interpretation of water
quality in and below the large tailings pile.

* The vicinity of the former mill site may be an additional source of
contaminants.

* Control of the contaminant ground water plumes seems to depend on both
hydraulic capture and dilution.

* There may have been widespread impacts on the general water quality (e.g.,
ions such as sulfate) of the alluvial aquifer since mill operations began, but
the limited amount of historical data precludes certainty in this conclusion.

» Upgradient water quality has declined over time, primarily in the western
portion of the San Mateo drainage and this may be affecting concentrations
in northwestern portions of the study area.

» Ground water modeling has generally been done in accordance with
standard practice. The seepage modeling likely overestimates the efficiency
of flushing of the tailings.

* The control of a uranium plume in the Middle Chinle aquifer may be
incomplete.

* There are no readily apparent site-related impacts to the San Andres aquifer
though data are limited. San Andres well 0943, located at the western end
of Broadview Acres, had an increase in uranium concentrations in 2002, but
concentrations since then have been relatively stable.

* There is no indirect evidence of leakage from the evaporation and collection
ponds, though the interpretation of water level and concentration data are
complicated by the significant injection and extraction conducted in the
immediate vicinity of the ponds.

* Current constraints to treatment plant operations include the evaporative
capacity of the ponds, clarifier operations, and possibly reverse osmosis
capacity.

* Evaporation rates for the ponds at the site are likely to be in the 65-80 gpm
on an annual basis when accounting for climatic conditions and salinity of
the pond contents.

* The monitoring program at the site is extensive and not clearly tied to
objectives. There may be redundancies in the network in a number of
locations in the alluvial aquifer. Additional monitoring points are necessary
in the Upper and Middle Chinle aquifers to better define plume extent and
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migration. Monitoring frequency is irregular but generally from semi-
annual to annual. Air particulate monitoring appears adequate to assess
anticipated effluent releases from the site; however, there is a need to
confirm assumptions. The potential for release of radon from the
STP/evaporation pond area should be assessed.

* Irrigation with contaminated water has resulted in accumulation of site
contaminants in the soil of the irrigated land. These accumulations are
unlikely to migrate to the water table over time, however.

» Water used for irrigation could be successfully treated with a two-step ion-
exchange process.

Based on the analysis conducted, a number of recommendations are offered.

* The flushing of the tailings pile should be ended. If this is not adopted, a
pilot test of the potential for rebound in concentrations should be conducted
in a portion of the tailings pile. Monitoring should be conducted in depth-
specific wells with short screen lengths.

* Simplification of the extraction and injection system is necessary to better
focus on capture of the flux from under the piles and to significantly reduce
dilution as a component of the remedy.

* Further evaluate capture of contaminants west of the northwestern corner of
the large tailings pile.

* If not previously assessed, consider investigating the potential for
contaminant mass loading on the ground water in the vicinity of the former
mill site.

* Additional collection of geochemical parameters, including dissolved
oxygen and oxidation reduction potential, of the groundwater beneath and
downgradient of the LTP to characterize the geochemical environment and
the role that reducing conditions induced by the flushing have had in
immobilization of the selenium (and the potential that cessation of the
flushing may lead to less reducing conditions and release of the selenium).

* |If the field pilots to reduce uranium concentrations in the groundwater
through adsorption or in-situ precipitation are approved and the results from
the pilots are promising, apply in larger scale to applicable portions of the
LTP and the groundwater.

* Further investigate the extent of contaminants, particularly uranium, in the
Upper and Middle Chinle aquifers and resolve questions regarding
dramatically different water levels among wells in the Middle Chinle.

ii
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* Consider geophysical techniques, such as electrical resistivity tomography
to assess leakage under the evaporation ponds.

* Assure decommissioning of any potentially compromised wells screened in
the San Andres Formation is completed as soon as possible.

* Consider construction of a slurry wall around the site to control contaminant
migration from the tailings piles. The decision for implementing such an
alternative would depend on the economics of the situation. Note that
HMC has reportedly considered a slurry wall in the past, and not found the
economics favorable. We recommend revisiting this issue in light of current
conditions.

* Relocation of the tailings should not be considered further by any means
given the risks to the community and workers and the greenhouse gas
emissions that would be generated during such work.

* Consider either the pretreatment of high concentration wastes in the
collection ponds as is currently being pilot tested, or adding RO capacity to
increase treatment plant throughput and reduce discharge to the ponds.

* Review of the spray evaporation equipment and potential optimizations of
the equipment to increase the rate and efficiency of evaporation.

* Selection of the area of the additional pond based on the evaporative
capacity needed after optimization of the treatment and evaporative spraying
systems and operations.

* Develop a comprehensive, regular, and objectives-based monitoring
program.

* Quantitative long-term monitoring optimization techniques are highly
recommended.

* Adjust Air Monitoring Program to perform sampling of radon decay
products to confirm equilibrium assumption, consider use of multiple radon
background locations to better represent the distribution of potential
concentrations and assess the radon gas potentially released from the
evaporation ponds, especially during active spraying.

* Though risks appear minimal with the current irrigation practice, consider

treatment of contaminated irrigation water via ion exchange prior to
application as a means to remove contaminant mass from the environment.
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1 INTRODUCTION

1.1  Brief Chronology of the Remediation System Evaluation (RSE) and RSE
Addendum Effort. The US Environmental Protection Agency (EPA) Region 6 had
originally requested a review of the performance of the ground water remedy at the
Homestake Superfund site. The site was used for milling of uranium ore and includes
two tailings piles. The operations and leaching of liquids from the mill site and tailings
piles has contaminated ground water in the vicinity of the site.

1.1.1 Original RSE. The original RSE for the Homestake Mining Company
(Grants) Superfund Site (Homestake Site) was conducted by Environmental Quality
Management (EQM) under contract to the EPA Risk Management Research Lab in
Cincinnati in 2008. A draft report was submitted in August 2008, and a draft final report
was submitted in December, 2008 (EQM, 2008). The draft final report was accompanied
by responses to comments provided by various stakeholders, including:

- the State of New Mexico,

- members and consultants of the Bluewater Valley Downstream
Alliance (BVDA), and

- Homestake Mining Company.

The RSE report described the site conditions and the current remedy, as well as
provided several recommendations. Based on stakeholder comments, EPA determined
that there were additional issues that needed to be addressed regarding the implemented
remedy at the site. Through Headquarters, US EPA, the US Army Corps of Engineers
(USACE) Environmental and Munitions Center of Expertise (EM CX) was tasked to
perform a follow-on study (the RSE “Addendum”) to address a number of remaining
issues.

1.1.2 RSE Addendum Objectives and Scope of Work. The goals of the RSE
addendum were to consider the following major issues:

- the performance of the current approach to protecting, restoring, and
monitoring ground water quality

- the need for changes to the ground water treatment system

- the appropriateness of irrigation of crop land with contaminated
groundwater

To accomplish these goals, a scope of work was developed in conjunction with the
stakeholders, including those listed above as well as the Pueblo of Acoma and their
consultants, the Nuclear Regulatory Commission (NRC), and local residents. The scope
of work included seven tasks (generalized below — the complete scope of work is
provided as Appendix A):
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1) Evaluate the capture of contaminant plumes in the alluvial and Chinle
aquifers.

2) Evaluate the overall strategy of flushing contaminants from the large
tailings pile with discharge of wastes to on-site evaporation ponds and
to identify and compare alternatives.

3) Assess potential modifications to the current ground water treatment
plant to improve capacity.

4) Evaluate the projected evaporation rates for the existing on-site ponds
and for a proposed evaporation pond west of the on-site tailings piles,
as it may affect the restoration activities at the site.

5) Assess the adequacy of the monitoring network at the site.

6) Evaluate the current practice of irrigating with untreated water.

7) Evaluate the smaller of the two tailings piles at the site as a potential
source of contamination and the future need for a more conservative
cap than the radon barrier.

The organization of this report generally follows this list of tasks.

1.2 USACE RSE Addendum Project Team. The RSE Addendum was prepared
by personnel from the USACE EM CX in Omaha, Nebraska, including:

- Dr. Carol Dona, Chemical Engineer
- Mr. Brian Hearty, Health Physicist
- Mr. Dave Becker, Geologist

1.3  RSE Advisory Group. The RSE Addendum effort was significantly aided
by input from a diverse and involved group of stakeholders. The representatives of the
stakeholders included:

- Acoma Pueblo. Ms. Laura Watchempino, Haaku Water Office

- Blue Valley Downstream Alliance. Ms. Candace Head-Dylla, Mr.
Milton Head, Mr. Art Gebeau, Dr. Richard Abitz, consultant to
BVDA, Mr. Chris Shuey and Mr. Paul Robinson, Southwest Research
and Information Institute, consultants to BVDA and Acoma Pueblo..

- Homestake Mining Co./Barrick Gold, Mr. Al Cox, Mr. Dan Kump,
Mr. George Hoffman, Hydro-Engineering LLC, consultant to
Homestake

- New Mexico Environment Department. Mr. Jerry Schoeppner, Mr.
David Mayerson

- Nuclear Regulatory Commission. Mr. John Buckley

- US EPA. Mr. Sairam Appaji, Remedial Project Manager, Mr. Donn
Walters, EPA Region 6 in Dallas, TX; Ms. Kathy Yager, HQ EPA,; Dr.
Robert Ford, EPA National Risk Management Research Laboratory,
Cincinnati, OH

Final 12/23/10



The interaction between EPA, the RSE Addendum team, and the RSE advisory group
was governed by a Communications Plan (provided as Appendix B). A joint site visit
including the RSE Addendum team and many of the stakeholders was conducted April
21-23, 2009. Subsequently, a number of phone conferences were held to clarify the
scope of the RSE Addendum effort, and to report on its progress. Valuable input was
obtained through this process.

1.4 Condensed Overview of Site. The previous RSE report provided a general
overview of the site conditions and current remediation system. A more complete
description is also provided in the Annual Reports provided by Homestake per their NRC
license. A brief synopsis of the site history, geology, restoration actions, and restoration
requirements is provided below.

1.4.1 History and Surrounding Land Use. The HMC Superfund Site is located
5.5 miles north of Milan, New Mexico, along the west side of State Highway 605. The
surrounding area is used for residential, agricultural, and commercial purposes. Five
low-density residential subdivisions, Murray Acres, Broadview Acres, Pleasant Valley
Estates, Felice Acres, and Valle Verde are located within two miles south and southwest
of the site. Large areas north and west of the site are largely unused except for grazing.
HMC (and, for a period of time early in its history, its corporate partners) operated a
uranium ore mill at the site from 1958 until 1990 using alkaline leach methods. Tailings
from the mill operations, entrained in solutions from the milling process, were placed into
lagoons on the top of two disposal piles at the site. These piles were closed and covered
by interim covers upon closure of the mill. Windblown materials from the tailings piles
were scraped from surrounding areas and placed on the piles before covering. The mill
was decommissioned and demolished between 1993 and 1995. The debris was buried at
the former mill site. All work has been conducted under license from the NRC. The site
setting is shown on Figure 1a.

1.4.2 Site Hydrogeology. The Homestake site is underlain by unconsolidated
alluvial materials resting on the incised surface of the Late Triassic Chinle Formation.
The alluvial materials are a heterogeneous mixture of sand, silt, and gravel and comprise
an aquifer with estimated hydraulic conductivities ranging from 10 to 800 feet/day.
Saturated thicknesses range from 0 to over 60 feet in the unconsolidated aquifer,
including a filled channel that underlies the large tailings pile. Depth to water is 40-60
feet at the site. Though the Chinle Formation is largely comprised of shale, there are
three water-bearing units within the Chinle, including the Upper and Middle Chinle
sandstones, and the Lower Chinle “aquifer” consisting of a zone of enhanced water yield.
A regional aquifer, the Permian-age San Andres Formation, exists at depth below the site,
and predominantly consists of limestone with subsidiary sandstones and shale. The
bedrock units have been tilted and faulted in the vicinity of the site. As a result, the
different Chinle aquifers are in contact with the base of the overlying alluvial aquifer in
areas of the site. Water exchange occurs between the various aquifers and “mixing
zones” have been identified between the alluvial aquifer and the Chinle aquifers.

Faulting has isolated some segments of the bedrock aquifers from others and from the
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alluvial aquifer. Refer to the HMC Annual Reports or the RSE report for additional
information. Well locations are shown on Figure 1b.

1.4.3 Contaminants. Seepage from mill tailings wastes (i.e., Large Tailings Pile
and Small Tailings Pile) resulted in the contamination of groundwater with radioactive
and non-radioactive contaminants, including uranium, thorium-230, radium-226 and
radium-228, selenium, molybdenum, vanadium, sulfate, nitrate, chloride, and total
dissolved solids (TDS). Uranium, selenium, and sulfate have particularly impacted
downgradient ground water quality. Impacts are most widespread in the alluvial aquifer,
but contaminants have been identified in the Upper and Middle Chinle aquifers as well.
The concentrations in the alluvial aquifer are highest under and near the large and small
tailings piles and the former mill building location. Two plumes of uranium and
selenium extend southwestward near and under residential areas along preferential
ground water flow paths; one west of the site and the other south-southwest of the site.
There have also been impacts on the concentrations of dissolved solids, including sulfate,
in the alluvial ground water. Actual impacts by sulfate are difficult to discern from
background conditions, as historical data prior to mill operation are limited. Data for
samples collected in the 1950s from a couple of alluvial aquifer wells approximate 2.5
miles west of the site (well numbers 0935 and 0936) suggest significant increases in
sulfate concentrations have occurred. These wells are located in the Rio San Jose
alluvium and the cause for these increases is not known. Sulfate concentrations in
samples taken in 1960 from a well near what is now the northwest corner of the large
tailings were under 700 mg/L (Head, 2010, Comments on draft report), but are now,
according to the 2008 Annual Report, almost triple that in the same general area,
suggesting an impact on water quality over time. The proximity to the tailings implicates
the pile as the source. Ground water in the alluvial aquifer is expected to be largely
aerobic and would enhance the mobility of dissolved uranium and selenium.

The water in the tailings piles is, not surprisingly, highly contaminated. High
levels of site contaminants are present and dissolved solids content is also high (over
10,000 ppm). The water is largely a sodium sulfate water with significant levels of
carbonate and bicarbonate. There are limited oxidation reduction data for the water in the
piles, but limited data suggests the conditions are somewhat reducing with recent
oxidation-reduction potentials of -10 to -570 mV.

1.4.4 Extraction and Injection Systems. Ground water remediation and
contaminant plume control has been underway since the late 1970s at the site. The
current extraction and injection program is highly complex and not well documented.
Ground water is currently extracted from the alluvial aquifer downgradient of the
southwest corner of the large tailing pile, under the small tailings pile, upgradient of the
large tailing pile, and approximately %2 mile south-southeast of the small tailings pile.
Additional extraction takes place seasonally in the downgradient ends of the two uranium
plumes and this water is used for irrigation of crops on land owned by Homestake. The
water used for irrigation is contaminated by uranium and other site contaminants and is
applied without treatment. Accumulation of uranium in the soil of the irrigated acres is
routinely monitored. Extraction of water from the Upper Chinle aquifer is conducted
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south of the large tailing pile and from the Middle Chinle aquifer north of the large tailing
pile. Additional extraction occurs within and just below the large tailings pile.

Injection of water occurs in conjunction with the extraction downgradient of the
large and small tailings piles, and %2 mile south-southeast of the small tailings pile.
Injection of water also occurs near the downgradient portions of the uranium and
selenium plumes downgradient of the site and into the Upper and Middle Chinle aquifers.
Water is also injected into the large tailings pile. Most of the water that is injected
around the site is clean water pumped from the San Andres formation. Total injection
flows into the alluvial aquifer are generally much higher than the total extraction rates.

1.4.5. Treatment System. The treatment plant treats some of the water extracted
from the alluvial aquifer and some of the water extracted from the large tailings pile.
Treatment consists of a clarifier (with lime addition), filtration primarily via sand filters,
and reverse osmosis (RO). The RO system includes both high and low-pressure units.
Brine from the RO system and some water extracted from the tailings are directly
disposed of in the on-site evaporation ponds. Solids from the clarifier and filtration
system also go to on-site ponds. The treatment capacity is nominally 600 gpm, but
practical limitations are less than that, particularly due to operation of the clarifier.

1.4.6. Evaporation Ponds. Wastes from the treatment plant and some solutions
extracted from the large tailings pile are discharged to on-site single-lined ponds for
evaporation and concentration of salts. The easternmost evaporation pond (#1) is single
lined and constructed on a portion of the top of the small tailings pile. Evaporation pond
#2 is located just west of Evaporation Pond #1 and is double lined. Two smaller
collection ponds are located west of Evaporation Pond #2. Sprayers are installed in the
two evaporation ponds to increase evaporative loss of water. Spraying is done seasonally
and only during times of low wind velocities. Evaporative capacity is reportedly a
limiting factor under the current remediation strategy and a new lined pond of 30 acres
surface area was approved by the NRC and NMED and is currently being constructed
west-northwest of the large tailings pile. At the time of completion of the ground water
remedy, the ponds would be covered and capped along with the tailing piles.
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2 CONCEPTUAL SITE MODEL

2.1  Sources. The primary potential sources of contaminants at the site include the
two tailings piles and the former mill building site. The evaporation ponds and irrigated
acreage may represent secondary sources.

2.1.1 Conditions in the Tailings Piles. The conditions in the tailings piles
reflect the chemistry used in the milling process. A significant mass of uranium is still
present in the tailings. Reportedly, the uranium ore processed at the site had 0.04 to 0.3%
U308 content (Skiff and Turner, 1981). Assuming the ore had an average of 0.15%
uranium content and that the tailings had an average of 0.006% remaining uranium
(based on information in EPA 402-R-08-005, Table 3.13), the 22,000,000 tons of tailings
would contain approximately 2.6 million pounds of uranium, or approximately 2.5 times
the amount estimated to have been removed during the cleanup effort through 2008. The
redox (generally negative) and pH (near 10) conditions suggest the uranium in the piles
would be in the +6 state and mobile, but slight reductions in pH could result in some
reduction of the mobility of the uranium. Given that the uranium remaining the piles
represent what could not be fully extracted from the ore, it is possible the uranium is not
as accessible for dissolution, but it may slowly mobilize over time. It is possible that
without significant changes in the pore water chemistry, or the reduction of driving head
and infiltration through the pile, uranium mass could continue to leach into the
underlying native materials. The approach taken by Homestake assumes the uranium in
the pore fluid is mobile, but other uranium mass in the solids is immobile; however, there
are many pore spaces that contain fluid that are not significantly participating in the flow
if in fine-grained material or in dead-end pores. Based on a description of the tailings
discharge process provided by Homestake Mining, the conditions in the tailings pile are
likely heterogeneous with significant lateral and vertical variation in hydraulic properties
such that flow is far from uniform through the pile materials. The fluids in less mobile
zones may still diffuse out into the more permeable pathways during and after injection.

2.1.2 Mill Site. Though not specifically addressed in many of the available
reports, there is some suggestion in ground water monitoring data that the location of the
former mill buildings east of the large tailings pile was or is a source of contamination to
the ground water. Elevated uranium levels (up to over 40 mg/L in 2003) in some of the
“1” series wells have been observed there. The nature of the source is not clear.

2.1.3 Evaporation Ponds. The evaporation and collection ponds have
essentially been concentrating site contaminants, including uranium. Though there is no
evidence of leakage, the ponds could be a secondary source of contaminants affecting
air, soil, and ground water if the liners under the ponds were to leak, or if the ponds
become a source of radon or dust.
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2.1.4 Irrigated Acreage. Application of uranium- and selenium-contaminated
ground water to irrigated land results in the accumulation of these elements in the soils.
These soils can then release contaminants into dust or to deeper soils and possibly ground
water through leaching processes. There is no evidence for impacts to ground water at
this time and future impacts are uncertain.

2.2 Pathways/Affected Media. The releases of contaminants from the primary
and secondary sources described above have either contaminated or may contaminate air,
ground water, and soil (there are no persistent surface water bodies in the immediate
vicinity of the site other than the evaporation and collection ponds). These media could
potentially transport contaminants to humans or ecological receptors.

2.2.1 Air. Potential impacts to humans can occur through outdoor air or indoor
air. Particulate matter can be transported by winds away from the sources. Radon can
also be transported via air away from the sources. The air monitoring program at the
Homestake site attempts to quantify this pathway. Radon gas can migrate into homes and
other occupied buildings.

2.2.2 Soil. Though the interim covers on the tailings piles can prevent direct
exposure to source contamination, surficial soils around the site could be affected by
deposition of airborne particulates or application of contaminated ground water, such as
at the irrigated acreage. Deeper native soils could be (and have been) contaminated by
leaching of contaminants from sources such as the tailings piles. Any leakage from the
ponds could also contaminate deeper soils.

2.2.3. Groundwater. The ground water can and has transported site
contaminants away from the tailings piles and possibly from other sources at the site.
The ground water is also a medium that has been used by residents downgradient of the
site. Alternative water sources have been developed for the majority of affected
downgradient residents, however, there are still some private wells in use in the
downgradient areas.

2.3 Receptors. The primary receptors at the site are the residents in the nearby

subdivisions, workers at the Homestake site, commercial workers in the vicinity, visitors,
and trespassers. Figure 2 summarizes the conceptual site model.
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Figurelb. Well Location:
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Figure 2. Conceptual Site Model (CSM) Summary
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3 ADEQUACY OF PLUME CONTROL

3.1  Hydraulic Capture. The performance of the ground water extraction and
injection system in the alluvial aquifer was evaluated by the assessment of ground water
levels, concentration trends, and estimates of ground water flux. Hydraulic capture of the
contaminant plumes in the alluvial aquifer was evaluated by independently plotting and
hand-contouring water levels measured in March-April and June-July 2009. These
contours suggest a significant capture of water emanating from the large tailings pile,
particularly in the deeper incised alluvial channel along the southwestern end of the large
tailings pile. Capture is not as obvious in the contours near the small tailings pile in the
March-April contours. The contouring is somewhat limited by the available water levels
as only a limited subset of wells appear to be measured. Based on the drawn contours,
uncaptured flow lines may bypass injection and extraction at the northwest corner of the
large tailings pile.

Capture is not apparent for the irrigation pumping in the downgradient portions of the
uranium and selenium plumes, nor is it clear from available data that capture of the plume
along Highway 605 east of the site is maintained.

3.2  Concentration Trends. Concentration trends were independently plotted and
assessed as an indication of contaminant migration and progress toward clean-up.
Ground water concentrations of uranium and selenium in the alluvial aquifer in the
vicinity of the small tailings pile have been significantly reduced (such as well X, a
compliance point), though some wells have persistent concentrations well above the
cleanup goals as represented by the plot of uranium for well K4. Some wells that have
shown declines may be impacted by nearby injection of relatively clean water, including
well X. This would make it difficult for this well to detect leakage from the ponds.

Figure 3. Well X Uranium Concentration Trends.
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Figure 4. Well K4 Uranium Concentration Trends.
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Concentrations in the alluvial aquifer near the southwestern edge of the large tailings
pile have also been reduced, such as at well ST, but some remain high, such as at well S2,
located downgradient of the extraction system, and at others, such as B4 between the pile
and the extraction wells, uranium concentrations have actually risen.

Well S11 is screened in the alluvial aquifer near the northwest corner of the large
tailings pile along the suspected flow path possibly outside the capture of the extraction
and injection system. This well shows an erratic but generally higher trend in uranium
and sulfate concentrations after 2004. It is not clear if the variability in concentration is
related to changes in the operation of the injection laterals in this area.

Figure 5. Well ST Uranium Concentration Trends.
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Figure 6. Well S2 Uranium Concentration Trends.
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Figure 7. Well B4 Uranium Concentration Trends.
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Figure 8. Well S11 Uranium Concentration Trends.
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Figure 9. Well S11 Sulfate Concentration Trends.
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The concentrations in the downgradient portions of the uranium and selenium plumes
have generally been reduced (e.g., Wells 0654 and 0864, downgradient of the irrigation
pumping used to capture the plume), but well 0882, located south of the wells used for
irrigation in the northern plume, has shown an increase in concentration. This suggests

that the capture may not be complete.

Figure 10. Well 0654 Uranium Concentration Trends.
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Figure 11. Well 0864 Uranium Concentration Trends.
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Figure 12. Well 0882 Uranium Concentration Trends.

0882 Uranium

0.035
0.03 /?0—
0.025

£ 0.02 | o .
£0.015 w ‘ —— 0882 Uranium
- 0.01

0.005
0 T

1/31/93 7/24/98 1/14/04 7/6/09 12/27/14

Date

The evaluation also included a survey of background ground water quality upgradient
of the large tailings pile. Though some of the far upgradient wells do show significant
impacts from uranium, upgradient wells closer to the site have shown only more subtle
increases, including wells P1, P2, and DD (shown for illustration). Higher concentrations
(above the 0.160 alluvial standard) appear to be found in wells on the western edge of the
San Mateo alluvial valley, including well DD. These may be related to the increasing
trend in uranium concentrations in well S11 downgradient and apparently along a flow
path from well DD. This illustrated the need to consider background concentrations of
uranium in assessing site strategies for the alluvial aquifer.
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Figure 13. Well DD Uranium Concentration Trends.
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3.3  Groundwater Flux. There are concerns regarding the performance of the
alluvial ground water extraction and injection system arising from the assessment of the
mass flux through the system. The introduction of substantial amounts of water from
deeper aquifers into the alluvial aquifer suggests that, to some degree, concentration
declines may be due to dilution, rather than removal of contaminant mass. The
substantial addition of water in the vicinity of the tailings piles and difficulty in assessing
where the water is exactly being added makes the determination of the capture of the flux
of alluvial aquifer water flowing under the piles uncertain. As stated above, displacement
of some of the contaminated alluvial ground water flow to the west and, to a lesser extent,
east of the piles is possible.

3.4  Ground-Water Modeling. The report (Hydro-Engineering, 2006) on the
development of the current ground water flow and transport model was qualitatively
reviewed, with the intent of assessing the use of the model as a predictive tool and a
means to further verify extraction and injection system performance. Though there was
limited information on calibration statistics and the residuals at individual calibration
targets, the report does present comparisons of observed and predicted piezometric
contours and contaminant concentrations. There seemed to be reasonable agreement
between the observed and simulated values. It appears that the flow (MODFLOW) and
ground water transport (MT3DMS) modeling was conducted in accordance with normal
industry practice.

The primary concern with the modeling conducted for the site is the simulation of the
seepage of contaminated water from the large tailings pile. From the available
information on this step in the modeling process, it appears the modeling did not account
for the heterogeneity and preferred pathways for water injected into the tailings. It is
very probable that the flux of water is not uniform through the pile and that large volumes
of the pile still have a significant amount of their original pore fluids. The model likely
over-predicts the performance of tailings flushing.
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3.5 Chinle Aquifer Contaminant Control. The performance of the extraction
and injection system to address the contamination in the Chinle aquifers was assessed by
the qualitative review of the information presented in the 2008 Annual Report for the site.
Performance for the extraction system in the Upper Chinle aquifer appears to be adequate
for containing the predominant contaminants. The ground water conditions in the Middle
Chinle aquifer are problematic. The ground water elevations are spatially quite variable
and do not make hydrologic sense. Based on the observed contours (October, 2008), it is
not clear that uranium in this aquifer is being adequately controlled by pumping from the
Middle Chinle.

3.6 Impacts to the San Andres Aquifer. A review of water quality data and
water levels for the relatively few wells screened in the San Andres Formation was
conducted. Though few data were available, there was no evidence of contaminant
impacts to these wells. Water levels were reasonably consistent and indicated a ground
water flow direction in the San Andres toward the northeast in March 2009. Flow
directions observed in 2008 and reported in the 2008 Annual Report were more easterly
to east-southeasterly. The well replaced by well 0806R should be properly
decommissioned in accordance with State requirements as soon as possible if not already
completed.
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4 OVERALL REMEDIAL STRATEGY

The overall remedial strategy being implemented by Homestake is to flush the highly
contaminated pore fluids from the large tailings pile (to concentrations less than 2 ppm
uranium) and to capture the seepage and contaminated alluvial aquifer ground water near
the southern edge of the tailings piles. The extraction is coupled with downgradient
injection of water to assist in creating a hydraulic barrier. Subsidiary extraction and
injection occurs along State Highway 605 and in the downgradient portions of the
northern and southern alluvial ground water plumes. Additional extraction and injection
occurs in the Chinle aquifers to control the plumes and to restore aquifer quality.
According to Homestake, flushing of the tailings pile will be completed by 2012, with the
remediation of the ground water contamination completed by 2017.

This strategy has been evaluated regarding the likelihood of attaining its milestones
by the planned dates, the adequacy of the protection of human health and the
environment, and the cost-effectiveness of the work. The current strategy is generally
overly complex and at least partially depends on dilution to attain its goals. Alternatives
to the current strategy are broadly described and potentially applicable replacement
technologies are discussed below.

4.1  Flushing of Large Tailings Pile. The flushing of the large tailings pile with
fresh water largely derived from the Chinle aquifers is unlikely to truly achieve its
objective. Though the average concentration in recovered water from the toe drains and
sumps, and concentrations in wells penetrating the tailings has declined significantly, the
heterogeneity of the materials has prevented uniform flushing of the pore fluids. The
highly variable concentrations observed over relatively short distances in the tailings
would argue for such heterogeneity (as shown in Figure 14). Furthermore, the nature of
the wells in the tailings complicates the interpretation of the results. Most of the wells
that have been sampled have long screened intervals (most over 70 feet) and the wells
extend to depths below the tailings themselves. The likely occurrence of vertical
movement in the well from one permeable zone in the tailings to another, particularly if
injection was conducted in it at some point, makes it difficult to assess how
representative the samples are.

A review of the concentration trends for wells penetrating the tailings with reasonably
complete sampling histories was conducted. Though concentrations have generally
declined in the pile, a significant number of wells remain at high concentrations of
uranium without evidence of further declines. For example, concentrations in wells
WC1, WN4, EN4B dropped dramatically at the start of injection, but have not
significantly and consistently declined further as shown on the Figure 15.

It is probable the flushing program would not meet its goal by 2012, and in fact, the
need for ground water control would probably extend for many years past that date under
any scenario. Furthermore, the potential for rebound in concentrations once flushing
would cease should also be considered. In fact, it may be prudent to conduct a pilot test
in a portion of the tailings pile in the next few years to assess rebound potential. Even if
goals were to appear to be achieved, given the incomplete contact between injected water
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and all tailings, and given the geochemical conditions that may allow slow leaching of
additional uranium out of the tailings solids, additional mass of uranium would ultimately
be available for leaching from the pile, contrary to the anticipated conditions under the
current strategy.

Figure 14. Uranium Concentrations in Large Tailings Pile

E— URANIUM 340 mgdl E— URANIUM 20-30 mg/l URANIUM 5-10 mg/sl

" TAILINGS URANIUM (mg/l)
2008

It is noted that as part of the current flushing program that the slimes present in the
LTP have apparently resulted in the flushing water becoming more reducing from the
organic matter in the slime. The data collected by HMC indicates that the selenium
concentrations have decreased significantly in the groundwater beneath the LTP
(Homestake 2009), presumably because of the more reduced geochemistry leading to
precipitation of selenium. There is the potential that if the flushing of the LTP was
stopped, the migration of groundwater through the LTP could gradually reoxidize the
groundwater and dissolution of the precipitated selenium and uranium could occur
(Wellman 2007).

Additional testing of oxidation-reduction potential would facilitate the analysis of the
fate and transport of the remaining contaminants in the pile. Such testing would entail
measurements of ORP, with pH, dissolved oxygen, and conductivity, downhole in wells
that have not been used recently for flushing. The data would be used to evaluate,
through geochemical modeling or comparison to appropriate Eh-pH diagrams, the
stability of uranium and selenium remaining in the pile, both where flushing occurred and
where there is little evidence of flushing influence.

The water recovered from the sumps around the tailings piles do not show dramatic
declines in uranium concentrations. Most have relatively stable or slightly decreasing
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trends, though the N3 Sump has displayed a four-fold increase in a relatively short time.

These results suggest the flushing has had a limited effect in at least parts of the pile.

Representative concentration histories are provided in Figure 16.

Figure 15. Uranium Concentrations in Select Wells in a) Western Large Tailings Pile
and b) Eastern Large Tailings Pile.
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Figure 16. Uranium Concentrations in Select Sumps: a) East 1 Sump, b) West 1
Sump, and ¢) N3 Sump
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As another line of evidence, the total volume of injected water was compared to an
estimate of the total pore space in the large tailings pile. Assuming approximately 200
gpm of clean water was injected into the pile for the 8 years since 2001 (up to the most
recent sampling data), approximately 840,000,000 gallons, or 110,000,000 cu ft, of water
have been introduced. Assuming a tailings volume of 800,000,000 cu ft and a porosity of
30%, there is about 240,000,000 cu ft of pore space. Based on this, assuming perfectly
uniform flushing by injected water (unlikely), only about half of the water that would
have been present has been flushed. Note that this doesn’t account for the volume of
contaminated soils below the tailings but within the screened intervals of the wells, or the
increase in water storage in the pile since flushing began.

Finally, the addition of such a large quantity of water into the tailings increases the
amount of water that must be recovered from the alluvial aquifer and treated and/or
evaporated. If the injection was to stop, and seepage was allowed to occur from the
tailings, the flow of tailings water into the alluvial aquifer would slow significantly with
time. This would reduce the pumping needed to capture water to a rate that essentially
matches only what was naturally flowing under the tailings and whatever seepage was
occurring. Assuming a reasonably conservative hydraulic conductivity of 80 ft/day, a
natural gradient in the alluvial aquifer of 0.008, a width of 4500 feet and an average
saturated thickness of approximately 30 feet (with variations from 0 to over 50 feet), a
natural flow of 86,000 cu ft/day or about 450 gpm or less would have to be captured. In
addition, the seepage from the tailings would also have to be captured. Though initially
the flow would be relatively high, it would decline over time as the head in the pile would
drop. Note that the drainage of the tailings may take decades. The concentrations of
liquids recovered from the tailings may increase following cessation of flushing. Though
some of the recovered liquids would be best discharged directly into the evaporation
ponds, it is anticipated that a larger proportion of water would be treated by RO than is
currently the case, maximizing the capacity of the existing ponds. It is recommended that
this simplification to the remedy be implemented.

4.2  Downgradient Extraction and Injection. Though useful for assisting in
creating downgradient hydraulic barriers, injection of relatively clean water from other
aquifers into the alluvial aquifer downgradient of the site at rates that exceed extraction
complicates the control of the plumes and may do more to dilute the plume rather than
treat it. It is recommended that extraction be conducted at a rate necessary to capture the
three-dimensional extent of the existing plumes. Near the treatment plant, treated water
would be available for injection. If used, injection into the alluvial aquifer should be
located to minimize recirculation of water to the extraction wells. This treated water
would perhaps be best used to reverse the hydraulic gradient from the alluvial aquifer
toward the Upper Chinle aquifer by injection into the Upper Chinle. Current practice of
extraction from the Upper Chinle draws water downward from the more contaminated
alluvial aquifer, perpetuating the need for pumping. Though injection into the Chinle is
currently done, the injection could be increased in a step-wise fashion driving the
contaminants back toward the subcrops of the Upper Chinle at the base of the alluvial
aquifer. Care would have to be taken to prevent spread of contamination in the Upper
Chinle. Additional monitoring points may be needed and vigilant monitoring during the
implementation of the injection will be required.

22
Final 12/23/10



Pumping of water from the northern and southern downgradient uranium and
selenium plumes would continue, but without injection of water from other aquifers into
the alluvial aquifer. The water pumped from these portions of the alluvial aquifer would
either be used directly for irrigation or treated for irrigation or re-injection (see section 8,
below). The extraction would be best done where it is now, at the narrow portions of the
saturated incised channels of the alluvial aquifers, near the 0.16 mg/L uranium contour
and upgradient of the confluences of the San Mateo alluvium and the Rio San Jose
alluvium. Contamination downgradient of these points would be allowed to naturally
attenuate due to dispersion and sorption to iron oxyhydroxides and clays. Based on the
presumed oxidized condition and low organic carbon content of the alluvial aquifer, other
attenuation processes are unlikely to be significant.

The conditions in the Middle Chinle require additional study to assess the
circumstances surrounding the unusual water levels in wells in the Middle Chinle and the
true ground water flow directions, especially in areas where concentrations exceed clean-
up goals. These studies may include examination of hydrographs, verification of top of
casing elevations, checking transcription errors, and possibly installing new wells.
Extraction of additional water, particularly in the vicinity of the Felice Acres subdivision
may be necessary.

4.3  Evaporative Concentration of Salts and Final Entombment of Wastes.
The current end point for wastes generated by the ground water extraction system is
either evaporative concentration of salts in the on-site ponds, or as accumulated salts in
the soils of the irrigated acreage. The use of untreated water for irrigation and the fate of
the accumulated contaminants in soils as a result are addressed in section 8. Unless the
decision is made to remove all wastes from the site (discussed further in section 4.4
below), the strategy of on-site management is reasonable. The salts accumulating in the
evaporation ponds may have some economic value at some time in the future. If not, the
dewatering and capping of the ponds at some time in the future would be consistent with
the current strategy of managing wastes on-site under the long-term stewardship of the
Department of Energy. The combination of a highly effective cap with the existing liner
under the pond wastes will provide added assurance of the isolation of the waste.

The integrity of the liner under the collection ponds was assessed through the
qualitative analysis of water levels and contaminant concentrations in adjacent alluvial
aquifer monitoring wells. The water levels observed in the wells were compared to the
variations in water levels in the ponds to glean evidence for leakage. (Note that the post-
2006 values in the database for the top of casing elevation for some of the C series wells
are apparently in error by almost 100 feet). A signal similar to the seasonal variations in
the pond water levels or a long-term rise in water levels following initial use of the ponds
in the mid-1990s would suggest possible leakage. The ground water concentrations in
the same wells were also analyzed for evidence for increases in solutes or contaminants
that would suggest brine leakage from the pond. The analysis was complicated by the
significant extraction and injection activities conducted under the ponds. No obvious
evidence was found for leaks in the evaporation ponds. Inspection of the liners should
continue with emphasis on those sections that are periodically exposed to sunlight.
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Additional geophysical monitoring, such as downhole and/or cross-hole electrical
conductivity measurement or tomography, could give an indication of the leakage of
highly conductive brine.

Figure 17. Water Levels in Evaporation Ponds and Nearby Wells
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Figure 18. Water Levels in Evaporation Ponds and Other Nearby Wells
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Figure 19. Well K4 Sulfate Concentrations
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Figure 20. Well KZ Sulfate Concentrations.
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4.4  Alternative Strategies. A number of alternatives to the current ground water
extraction and injection strategy were considered. These included passive treatment
options such as a permeable reactive (zero-valent iron) wall and polyphosphate treatment;
isolation technologies including a fully encompassing slurry wall; and full removal of the
tailings and placement of the waste in an engineered landfill created for this waste at an
unknown location within 30 miles of the site.

4.4.1 Slurry Wall. There are a number of sites, both for mine wastes (e.g., a
copper mine in Arizona) and for Superfund Sites (e.g., 9" Avenue Dump, Gary IN; Lipari
Landfill, Glassboro, NJ) where slurry walls have been used to isolate waste from the
surrounding aquifer and environment. A slurry wall around the large tailings pile at the
Homestake site would reduce the quantity of ground water requiring extraction and
treatment by reducing flux of ground water under the tailings pile. This would
potentially reduce the long-term costs for the operations, possibly significantly. The
installation of such a slurry wall through the entire alluvial aquifer is technically
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implementable with current long-reach excavators, though sections of the wall in the
deepest portion of the incised buried channel in the southwestern part of the wall
alignment would require excavation by clamshell. Such a wall would require little
maintenance, but water levels on either side of the wall would need to be measured and
assessed to assure that the head difference across the wall would not be so great as to
fracture the wall. A rough cost estimate was prepared for such a slurry wall and is
presented in the table below. The estimated cost is approximately $15,000,000 before
contingencies. The subcrop of the Upper Chinle aquifer under the wall alignment would
pose a performance risk, as there would be a potential for contamination to bypass the
wall via the Upper Chinle sandstone. This risk could be addressed through increased
pumping near the subcrop, though this would reduce the operational cost savings.

Additional study of this alternative is recommended.

Table 1 Homestake Mine Slurry Wall Construction Estimate 1/27/10
Avg. Depth Excavate/Backfill
Section Length (ft.) (ft.) $/SF Cost
North 3800 80 $10.35 $3,146,400.00 | (RECON $/SF)
NE 400 70 $10.35 $289,800.00 | (RECON $/SF)
East 1700 60 $10.35 $1,055,700.00 | (RECON $/SF)
SE 700 40 $9.25 $259,000.00 | (RECON $/SF)
South 3400 85 $12.50 $3,612,500.00 | (RECON $/SF)
SW 800 120 $14.75 $1,416,000.00 | (RECON $/SF)
West 1600 95 $12.50 $1,900,000.00 | (RECON $/SF)
NW 600 70 $10.35 $434,700.00 | (RECON $/SF)
Subtotal $14,014,100.00
Mobilization/Demobilization $100,000 (RECON)
Equipment Setup $50,000.00 (RECON)
Clay Cap on Top of Slurry Trench (13,000 LF X $
59.50/LF) $773,500.00 (RECON)
QC Testing/Final Report (1,041,000 SF X $0.40) $416,400.00 (RECON)
Submittals/Reports $8,000.00 (RECON)

Subtotal

$1,347,900.00

Total Slurry Wall:

$15,362,000.00

Assumes normal digging, no rocks, boulders or obstructions. No remote mixing.

Assumes 30 inch wide slurry wall

4.4.2 Permeable Reactive Barrier. Another alternative to remediating the
uranium and other redox-sensitive contaminants in the groundwater that was considered
Is a permeable reactive barrier. Permeable reactive barriers (PRBs) passively treat
contaminated groundwater through removal of contaminants as the groundwater flows
through the reactive material that is placed in the barrier (SERDP 2000).

PRBs have been applied to uranium removal with different reactive materials.
Granular zero-valent iron (ZV1) is the most common reactive material that is used
(SERDP 2000); this was assumed to be the reactive material for the conceptual model for
Homestake. The basic mechanism for uranium removal with ZV1 is reduction of the

Final 12/23/10

26




uranium, which makes the uranium more insoluble, resulting in precipitation of the
uranium.

Different configurations of PRBs can be utilized. The two most common are
continuous reactive barriers (entire barrier contains the reactive material) and a funnel-
and-gate configuration, where impermeable outer walls “funnel” the contaminated
groundwater into the “gate”, which is the barrier with the reactive material. The latter is
commonly used when a large groundwater plume needs to be remediated. As the size of
the groundwater plume to be remediated at the Homestake site is large, this configuration
was chosen for development of the conceptual design at Homestake.

Table 2 presents the calculations related to the PRB conceptual design and cost. A
thickness of three feet was chosen based on the thickness of the wall used for treating
uranium at Frye Canyon, Utah [EPA and USGS 2000]. The depth of the PRB is variable
depending on the depth to tie into the Chinle Formation. This depth varied between 85
and 120 feet as shown in Table 2.

The cost of the gate portion of the PRB was estimated using cost information from
the Federal Remediation Technology Roundtable (FRTR) Remediation Technologies
Screening Matrix and Reference Guide, Version 4.0, 4.40 Passive/Reactive Treatment
Walls (http://www.frtr.gov/scrntools.htm). Using the volume of reactive material in the
gate, the resulting gate cost estimate is approximately $19,000,000 before contingencies.

Note that the estimate is only the capital cost of the wall and does not include
monitoring and maintenance costs. It is expected that the PRB would continue to operate
as long as the uranium concentrations upgradient of the wall remain above the clean up
goal of 0.16 mg/L for the alluvial aquifer. This would likely require decades. Given the
long operating life, the potential for deposition of minerals from the relatively high TDS
would need to be considered. An estimate of the potential for mineral deposition can be
obtained from data from the Denver Federal Center PRB. At that site, with a TDS of
1200 ppm, a surface permeability loss up to 14% was observed after four years operation
(FRTR 2002). As the TDS in the alluvial aquifer is approximately 2500 ppm, with some
TDS concentrations near the tailings piles up to 20,000 ppm (Homestake, 2009), there is
the potential that the ZVI would need to be rehabilitated or replaced periodically during
the life of the barrier.

As with the slurry wall option, there is a potential for migration of contaminants
through the Upper Chinle aquifer that subcrops under the large tailings pile. This may
require continued extraction and treatment of ground water. Because of the relatively
high capital cost, the significant potential recurring iron replacement costs, the long
remediation times, and the risk of flow past the PRB in the Upper Chinle, this technology
is not recommended for use at Homestake.
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Homestake Mine PRB Wall Construction Estimate
Table 2
Section Length (ft.) Deﬁ;/hg.(ft.) $/SF Excav:étgél?ackflll Notes
South 3500 85 $12.50 $3,718,750.00 (RECON
Funnel (slurry wall) $/SF)
800 120 | $127.50 | $12,240,000.00 (FRTR
SW Gate (iron filings) $/SF)
2000 95 $12.50 $2,375,000.00 (RECON
West Funnel (slurry wall) $/SF)
Subtotal | $18,333,750.00
Mobilization/Demobilization $100,000 (RECON)
Equipment Setup $50,000.00 (RECON)
Clay Cap on Top of Slurry Trench (5500 LF X $ $327,250.00
59.50/LF) (RECON)
QC Testing/Final Report (583,500 SF X $0.40) $233,400.00 | (entirewall)  (RECON)
Submittals/Reports $8,000.00 (RECON)
Subtotal $718,650.00
Total PRB Wall: $19,052,400.00

Note: Estimate based on marked -up budget costs from RECON and FRTR w/ expected range of
accuracy +25% to -25%

Estimate assumes normal digging, no rocks, boulders or obstructions and no remote mixing.
Assumes 30 inch wide slurry wall funnel for south and west sections and 30 inch wide iron filled
gate for SW section

Assumes PRB gate filled with iron filings full depth

4.4.3 In-Situ Immobilization. In-situ immobilization, using an amendment to
reduce the mobility of the contaminants, was also evaluated. This technology was
evaluated in detail for the specific technology of polyphosphate immobilization of
uranium given the information available and success of application in a pilot study at the
Hanford facility in Eastern Washington (Wellman, et al, 2007) in treating uranium in
groundwater. In this technology, uranium in the aquifer is sequestered through reaction of
phosphate with uranium to form relatively insoluble and stable uranyl phosphate
minerals. The use of polyphosphate (polymerized phosphate) allows reduction of the rate
of reaction of the phosphate with the uranium and other metals in groundwater,
increasing the potential for wider distribution of the amendment in the aquifer and
decreasing the potential for injection well clogging. Though the concept was assessed for
treatment of the materials below the tailings, a similar concept could be applied to the
tailings themselves. The considerations discussed below would generally apply to the
tailings.

Hydrogeological and geochemical information was supplied to the Hanford team for
assessment of application of the polyphosphate immobilization technology to Homestake.
The information (largely derived from 2006 CAP report and the Homestake site database)
included the following:
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- Subsurface materials - a heterogeneous mix of silt, sand, and gravel.

- Hydraulic conductivities of 30-100 ft/day, but varies 1-800 ft/day,

- Ground water chemistry and contaminant data: Primary cation is sodium
(3000-4000 ppm vs 10-20 ppm total for Ca, Mg, K). Anions split
between sulfate (3000-5000 ppm), bicarbonate (2000-4000 ppm),
carbonate (600-1600 ppm), and chloride (250-1000 ppm). pH values are
9.5-10. Redox is slightly negative but limited data. Uranium
concentrations 2-12 ppm (possibly higher), and selenium 0.3-3 ppm.

It was determined through discussions with the Hanford team that the conditions at
Homestake were significantly different from those at Hanford. The pH is slightly alkaline
at Hanford but strongly alkaline at Homestake, and there is a much larger range of
hydraulic conductivity at Homestake compared to that at Hanford. The former potentially
results in the formation of different uranyl-phosphate species and the latter affects the
amount of polymerization of the polyphosphate, thus the retardation of the phosphate-
uranium reaction rate, used in the application. It was the conclusion of the Hanford team
that these differences would require substantial lab and pilot scale testing for determining
the application of the technology to Homestake. It is estimated that these technology
application activities would cost at least $5 million.

Assuming that the polyphosphate technology could be tailored to Homestake, the
following field scenarios were prepared:

- Alternative 1 - Treat under entire pile. A 70 feet depth on average and
an area of 8,000,000 sq ft under the tailings pile was assumed as needing
treatment, resulting in 560 million cu ft or ~ 21 million cu yd.

- Alternative 2 - Treat under the pile in perched water zone. This would
be roughly 4/7ths of the volume of alternative 1 (40 feet of the 70 foot
depth is above the water table) or 12 million cu yd.

- Alternative 3 - Create a horseshoe-shaped treatment zone below the
water table around the pile, including 10 feet of soil above the water
table. A 50-foot width was assumed for the barrier along 2/3 of the
perimeter (12,000 feet) on the downgradient and side gradient edges of
the pile, or a total 18,000,000 cu ft (670,000 cu yds). The vertical 10-
foot-thick barrier just above the water table, which would inhibit mass
loading on the water table would be 1/7th of the Alternative 1 total, or
3,000,000 cu yds, for a total of approximately 3.7 million cu yd.

Costs for Alternatives 2 and 3 were then estimated using information from Hanford
and typical drilling costs. For costing Alternative 2, vertical well spacing of 25 ft was
assumed in lines perpendicular to ground water flow separated by 250 feet, resulting in
14 lines with a total of 2570 wells, on average 110 feet deep or 280,000 feet of drilling.
For Alternative 3, 6400 linear feet was assumed with 10 feet spacing, resulting in 640
wells at an average depth of 70 feet for a total of ~45,000 feet of drilling. Assuming costs
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of $60/foot for Alternative 2 and $50/foot for Alternative 3 (easier access than
Alternative 2), costs of $16,800,000 and $2,300,000 for drilling and well installation
were obtained, respectively, for Alternatives 2 and 3. It is noted that these costs do not
include oversight, field geologist for logging, contingencies, etc.

An estimate of the cost of the materials was supplied by Hanford for each alternative.
This assumed an approximate material cost of $30,000-$35,000/well. The resultant
material costs were ~$32,000,000 and $8,000,000, respectively, for Alternatives 2 and 3.
It is noted that these costs are for materials only and do not include material injection.

The total estimated costs for Alternatives 2 and 3 were then approximately
$54,000,000 and $16,000,000. These costs are considered minimum costs as they do not
include material injection and drilling documentation costs, as well as any cost
contingencies.

It is noted that there are other in-situ immobilization technologies. These are
mentioned briefly here. One group includes technologies that create reducing conditions,
which can also immobilize uranium and selenium. There is evidence from the decreases
in contaminants, particularly selenium (HMC, 2009a), that this is occurring with the
current flushing program. It is hypothesized (HMC, 2009b) that the water injected for
flushing may be coming into contact with organic matter in the slime present in the
tailings deposited in the LTP. Flushing through the slime may have caused the flushing
water to become more reducing [limited HMC geochemical data indicates this may be
occurring (HMC, 2009b)]. The reducing conditions could then be carried down with the
flushing water into the water retained in the LTP and the groundwater beneath the LTP.
Precipitation of the uranium and selenium related to the more reducing conditions may
then have resulted in reduction of the dissolved phase uranium and selenium
concentrations.

The drawback of the technologies based on immobilization through creation of
reducing conditions is the potential release of sequestered uranium and selenium if the
reducing conditions become more oxidizing in the future, thus bringing into question the
long-term effectiveness of the technology (Wellman et al., 2007). Two scenarios where
this release may occur at Homestake are 1) flushing is discontinued and more oxidizing
groundwater would travel through the aquifer below the LTP, and 2) as flushing is
continued, the reducing effect of the slime may be lessened over time, with the flushing
water, therefore the water in and below the LTP, becoming more oxidized.

The polyphosphate sequestration technology creates minerals that are stable under
oxidizing conditions, therefore, has higher potential long-term effectiveness under a fuller
range of aquifer conditions. There is also a relatively new immobilization technology that
is still in lab development (Fryxell et al., 2005). The drawback of the latter is the lack of
field application and the associated lab and pilot scale effort that would be needed to
determine if this technology was appropriate for use at Homestake. Because of these
drawbacks, these technologies are referenced but not described in detail in this report.

Recently, HMC (HMC, 2010b) has proposed the performance of two field pilots that
are exploring the removal of uranium in-situ through adsorption or by in-situ
precipitation. The first field pilot is to test the removal of uranium from groundwater
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through adsorption onto zeolite. The second field pilot is to test the removal of uranium
from groundwater through the addition of amendments to induce in-situ precipitation of
low solubility uranium phosphates or oxide. .

4.4.4 Removal of Tailings. The Department of Energy (DOE) is currently in the
process of excavating, transporting, and disposing of the Moab uranium mill tailings site
in Grand County, Utah. The DOE has designed and built a new disposal cell in Crescent
Junction, Utah, 30 miles from the Moab site. The amount of waste to be relocated to the
new site has been estimated to be approximately 12,000,000 cubic yards. The Moab
transportation will be completed using trucks and/or rail. The project is expected to be
completed in 2019 with a current total completion cost estimate range of $844,200,000 to
$1,084,200,000. These projected volumes and costs were used to develop a rough
estimate of performing a similar relocation at the Homestake Mining Company Site. A
scaling factor in $ per cubic yard was calculated using the lower end of the DOE estimate
to account for tasks that would be similar and not dependent on disposal volume, such as
cell design costs. For estimating purposes, it is assumed that all impacted material would
be excavated and relocated to a new cell located a similar distance from the HMC site.
By removing material from the site to levels that would satisfy the unrestricted release
criteria in 10 CFR 40, the site would not require long-term stewardship. The significantly
greater estimated volume of tailings, contaminated soil, and buried debris at the HMC
site leads to a significantly higher estimated cost estimate than is currently in place for
Moab. The cost of any long-term groundwater treatment that may be needed following
the removal of the tailings has not been included in the estimate.

Estimate for Removal of All Tailings/Waste and Off-Site

Table 3 Disposal at a Newly Constructed 10 CFR 40 Compliant Cell

In-situ Mass | Excavated. Estimated Relocation
Area (ton) Volume (yd3) | Moab $/yd? Cost
LTP and Cover 28,000,000 26,000,000 $70 $1,800,000,000
Soils Beneath LTP 11,000,000 10,000,000 $70 $700,000,000
STP/EP 1,300,000 1,500,000 $70 $100,000,000
Mill Pits 700,000 800,000 $70 $56,000,000
41,000,000 38,000,000

Total Cost $2,700,000,000

Volume assumptions are: minimal segregation of cover material; removal of
contaminated soil beneath the LTP; density of 1.3 tons per cubic yard in-situ; an over
excavation factor of 25 percent for the STP and Mill areas; a volume expansion of 20
percent after excavation; and volumes and costs rounded to two significant digits.

Moab cost per cubic yard is estimated from the July 2009 Department of Energy, Office of
Environmental Management Report on Annual Funding Requirements, Moab Uranium
Mill Tailings Remedial Action Project.

The Department of Energy completed a Final Environmental Impact Statement
(FEIS) for the Remediation of the Moab Uranium Mill Tailings in July 2005. In
accordance with the National Environmental Policy Act, the FEIS considered the
unavoidable adverse impacts, the relationship between short-term uses and long-term
productivity, and the irreversible or irretrievable commitment of resources that would
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occur if the off-site disposal alternative was implemented. A similar analysis would need
to be performed at the Homestake site. As part of the RSE Addendum work, the removal
of HMC materials was modeled in the AFCEE Sustainable Remediation Tool (SRT)
Version 2 (Jan. 2010). The SRT provides an estimate of the carbon dioxide emissions to
the atmosphere, the total energy consumed, and the safety/accident risk of completing the
soil excavation.

For the Large Tailings Pile removal, the SRT calculates that approximately 270,000
tons of carbon dioxide would be emitted during the project. Energy needs would be
large, equivalent to 1.0 billion kilowatt-hours (the power needed annually to run 96,000
homes). Because of the significant amount of construction and truck traffic needed to
move the HMC material, the predicted loss of work time, 6,600 hours due to an estimated
140 injuries is significant. Copies of the SRT worksheets are in Appendix C. Note that
using a rate of 1.5 fatalities per 100,000,000 miles driven (ITRC Remediation Risk
Management Technical Regulatory Guidance, in press) and a total of 150,000,000 miles
driven (assuming disposal 20 miles away), it is a strong possibility that there may be a
fatality during the project. There are other potential risks associated with the disruption
of the tailings pile, including an increase in radon and dust emissions, though engineering
controls can be applied to mitigate these impacts.

Note that tailings relocation would represent a large positive economic impact to the
Milan/Grants area, offering significant employment for a number of years. The
employment and project related spending would have ripple effects through the rest of
the local economy.

For comparison, the carbon loading, energy use, and accident risk for the current
ground water extraction and treatment system and for a slurry wall and associated
reduced pump and treat system have been calculated and are presented in Table 4. The
impacts of the relocation of the tailings pile significantly exceed the impacts of both the
current system and the slurry wall alternative. The current extraction and treatment
system would have to operate for approximately 150 years to equal the energy use and
carbon emission impacts of the tailings pile relocation (using trucks). The important (but
somewhat arbitrary) assumptions include:

e Current pump and treat system would operate with 95% up-time for 50 years
to control plume migration from the large tailing pile and requires 4 persons to
operate living 5 miles away

e Aslurry wall would result in a 75% reduction in required pumping during the
first 25 years and an 88% reduction in required pumping for 25-75 years,
along with a reduction in staffing of 1 person compared to existing system

e Total electrical demand is dominated by an estimated 300 HP for electric
motors (for pumps, sprayers, compressors, etc.) and motor efficiency is 80%

e Bentonite (for slurry wall) haul distance is 1000 miles from northeast
Wyoming to site (in the SRT, used mulch as surrogate for bentonite)

e Efficiency of electrical production is not considered (some references indicate
a production and transportation efficiency for electricity at 33%)

e Ground water monitoring impacts are not included
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e Energy use in preparing a lined repository site for a relocated tailings pile was
not included

Table 4. Comparison of Energy Usage, Carbon Emissions, and Accident Risk for
Current Remedial Approach and Alternative Remedies

Technology Life-Cycle Energy Use* | Life-Cycle Carbon Estimated Number of
(KW-hr) Emissions (tons) Lost-Time Accidents

Current Ground Water | 360,000,000 81,000 0.4

Extraction and

Treatment

Tailings and 1,000,000,000 270,000 140

Underlying Soil
Excavation and Off-

Site Disposal
Slurry Wall 8,300,000 35,000 16
Construction

Reduced Pumping 97,000,000 21,000 0.46

with Slurry Wall Total = 105,300,000 Total = 56,000 Total = 16.46

*Life-cycle impacts for ground water extraction considers only operations, not construction

Based on suggestions from stakeholders, a simple analysis was conducted for the
alternative of transporting the excavated tailings to an engineered repository 20 miles
away via a slurry pipeline. A similar proposal was made to transport tailings from the
Moab site (Hochstein et al., 2003). Although the proposal was not accepted, the
computations for that project were roughly scaled to assess the energy usage for the
Homestake site relative to the transportation by truck.

The Moab proposal involved transport of an estimated 400 tons/hour over 80 miles.
The piping would include both a slurry pipeline and a water return line (to reduce use of
water). Over 2,000 gpm of water would be required, of which 1,500 gpm would be
returned. The Moab design included two pump stations each including three large (2100
HP) pumps capable of generating 2,800 psi, of which two would be active at any one
time. The design also included a 1200 HP return flow pump.

Assuming that the Homestake production rate would be similar (400 tons/hour) to the
Moab project, a make-up water flow of 500 gpm would be required. Given the shorter
distance, only one pump station with smaller pumps (1500 HP) was assumed to be
required for the Homestake project, and no pump was assumed to be required for the
return flow, which could be gravity-fed given the difference in elevation between the
assumed repository location and the Homestake site. Based on the estimate of mass in
the tailings piles at the Homestake site, it would take more than six years to move the
tailings. Assuming a 70% electrical efficiency (motor and pump), approximately 3200
kW would be required to run the pumps. For the duration of the project, over 180 million
kW-hrs of electricity would be required.

This is a large energy use but it is significantly less than the energy required for
trucking. Note that the SRT only provides the total diesel fuel consumed for both
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excavation and transport. Since the fuel use for excavation would be approximately the
same for both trucking and slurry pipeline transport, the true comparison for transport
can’t be made. The accident risk for workers would undoubtedly be significantly less
with the slurry transport. The potential environmental consequences of a pipeline break
with relatively liquid slurry would likely be more severe than for a truck carrying tailing

overturning along the haul route. The slurry system would result in the export of a
significant amount of ground water from the vicinity of the site.

The cost estimate for relocating the Moab tailings by slurry pipeline was

$122,000,000 in 2002 dollars. Based on a scaling of the capital and operating costs, as

summarized in Table 5, the cost for transporting and handling Homestake tailings via
slurry pipeline was estimated to be about $112,000,000. Note that this estimate has
uncertain accuracy as the validity of the costs presented in Hochstein et al. (2003) was

not evaluated.

Table 5. Cost Estimate for Slurry Transport of Homestake Tailings

Based on Hochstein et al., 2003 Paper on Moab Tailings Relocation by Slurry

Capital Costs
Adjustment
Hochstein et al. | for
Item 2003 (Million $) | Homestake Notes
Plant Prep 3 0
Pump Stations 10.2 -5 | Only one pump station
Pipelines 48.2 -36 | Only 20 miles instead of 80
Dewatering Plant 8.1 0
Control Systems 5.2 0
Indirects, Contingency 22.3 -12.2 | Proportional to reduction
Total 97 -53.2
Homestake Capital Cost $43,760,375
From
Inflation Factor (2002 to http://www.bls.gov/data/inflatio
2010) 1.21 n_calculator.htm
Current Dollars $52,950,053.55
Operating Costs
Unit Cost from Hochstein 1.2 | perton
Mass at Homestake 41,000,000 | ton
Operating Costs-
Homestake $49,200,000
Inflation Factor (2002 to
2010) 1.21
Current Dollars $59,532,000
Total Estimated Cost $112,482,054 In 2010 dollars
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4.4.5 Alternative Energy Potential at the Homestake Site. The site is located in
the portion of the US with the most available sunshine and relatively high solar power
density. According to a map from the Department of Energy
(http://www.nrel.gov/gis/images/map_pv_national_lo-res.jpg) , the site is in a region with
over 6000 W-hr/(sq m-day) photovoltaic solar resource. The placement of photovoltaic
panels at the site could generate some of the electricity required for operations at the
plant, or for sale. There are smaller regional transmission lines not too far north and
south of the site. Though the economics may or may not currently be favorable, the
opportunity exists to showcase the use of “green” energy at a contaminated site.

One drawback posed by the site would be the difficult geotechnical properties of the
tailings pile. The pile has undergone settlement, and if dewatered, additional settlement
would likely occur. This would likely adversely affect the orientation or even stability of
the panels. The foundation improvement that would likely be required would add
significantly to the cost. Placement of panels on other tracts of land around the piles
would be more feasible.

The site does not appear to offer adequate average wind speed to justify a large wind
turbine project (see
http://www.windpoweringamerica.gov/images/windmaps/nm_50m_800.jpg), but may
have adequate wind resource to power a few smaller generators for on-site use.
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5 RECOMMENDED MODIFICATIONS TO THE EXISTING
TREATMENT PLANT

5.1  Evaluation Basis. The basis of the evaluation of the RO treatment process
was the flow rates and species concentrations estimated for the revised remedial strategy
discussed in section 4.1. These flow rates and concentrations were based on earlier
dewatering rates and observed sump concentrations. Comparison with the flow rate and
species concentrations currently used at HMC (Table 6) indicates that the feed species
concentrations proposed in are all comparable or lower than those currently in the feed
into the RO treatment plant. The feed rate, although higher, is still well below the average
yearly feed rate of 540 gpm as estimated as achievable by HMC (HMC, 2010a). This
indicates that the capability of the current treatment system to treat the feed under the
proposed alternative remedial strategy discussed in section 4 is not a constraint.

5.2  System Constraints. An apparent constraint on the capability of the current
treatment system, however, as indicated in section 6, is the capacity of the evaporation
ponds or other holding capacity to receive the waste brine from the RO treatment plant in
combination with other waste streams. As indicated in section 6, the evaporative capacity
of the current Pond system, assuming direct disposal of the highest concentration water
from the tailing piles and the estimated brine from treatment of the 450 gpm feed stream
proposed in section 4, is short by 20-40 gpm, assuming continued operation of the active
evaporation spraying. Modifications to the treatment system were then evaluated to first
address this shortfall.

5.3  Alternatives to Current Treatment Operation. One approach to addressing
this shortfall is increasing the amount of treatment of the water collected downgradient of
the Tailings Pile that is currently directly conveyed to the evaporation ponds. This would
then allow more volume of brine from the RO treatment system to go the Ponds. HMC
has proposed and is currently developing the infrastructure for a pilot using the East
Collection Pond for mixing some of the collected water from Tailings Pile, which is rich
in calcium, with water pumped from the alluvial aquifer along the L line, which is rich in
bicarbonate. The hypothesis is that calcium carbonate (the bicarbonate reacting to form
carbonate) will precipitate out, with the now lower TDS water then being fed into the
clarifier and subsequent completion of the RO treatment process. HMC is proposing to
start with a 10 gpm flow rate in the pilot and then using increased flow rates as the
process is developed (HMC, 2010a).

Another approach to decreasing the capacity shortfall is to increase the RO product to
brine ratio. This is most simply accomplished with the existing RO system by adding an
additional high pressure stage(s). This is currently the configuration for the original two
stage RO unit, with the high pressure stage extracting approximately 16% more product
from the incoming feed by recirculating the brine from the low pressure stage through the
high pressure stage (the current high pressure unit produces approximately 40 gpm more
product based on a 250 gpm influent flow rate). The disadvantage of the higher pressure
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is the increased electrical costs to run at the higher operating pressure so the higher
operating costs need to be weighed against the increased product output. Also, as the
current low pressure unit is newer than the original low/high pressure unit, the efficiency
in product to brine ratios may not be as high [the operating data from the 9-14-09 and 9-
22-09 logs suggests that the more recent low pressure RO unit has a higher product to
brine efficiency (HMC, 2009¢)].

Another approach to meeting the capacity shortfall is other technologies that could
remove the uranium, selenium, and molybdenum with lower or no waste production. In
considering these technologies, it was assumed that pretreatment for TDS reduction
would be necessary as the average TDS and sulfate concentrations (5800 and 2900 mg/L,
respectively) in the feed are above the discharge standards for reinjection (alluvial aquifer
standards of 2734 and 1500 mg/L, respectively). It was therefore assumed that the feed
would go through the pretreatment part of the current RO treatment process but a portion
could be diverted to another treatment media.

The first alternative treatment media considered was ion exchange. Although the
same resin that designated as being highly selective for uranium for potential treatment of
the irrigation water (refer to section 8) was a candidate, the feed for the treatment plan,
unlike the irrigation water, also has selenium and molybdenum well above aquifer
standards. Although it is feasible to add an additional ion exchange column to remove the
molybdenum, no ion exchange resin was found that could reliably remove selenite
(SeO42 or HSeOs), which is one of the anionic forms of selenium that may be present in
the treatment plant feed. Therefore, this option was eliminated from further consideration.

The second alternative treatment media considered was zero valent iron (ZV1), which
has the potential to remove uranium, molybdenum, and selenium through precipitation by
inducing reducing conditions. It was assumed that the shortfall of 40 gal/min of flow
would be diverted after pretreatment of the feed. Using the design criteria for retention
from the Fry Canyon Site of a 3’ thick wall with a 1.5 ft/day groundwater velocity, it was
calculated that costs of the ZVI material necessary for treating the 40 gpm shortfall would
be approximately $200,000, with an additional $100,000 estimated to pilot test, construct,
design, and install the column. This option was eliminated from further consideration
both because of the relatively high cost for the amount of additional product obtained and
because of concerns about the plant size allowing the amount of ZVI material (200 cu
yds) estimated as necessary for treatment.

In summary, the current treatment system appears to be capable of treating the feed
from both the current operations and the feed proposed as an alternative as a result of the
RSE Addendum effort; however, the treatment plant throughput is constrained because of
the limitations of the capacity for waste disposal. The two most implementable
approaches for optimizing the treatment system that would decrease the shortfall in waste
disposal capacity are 1) the treatment of the high TDS tailings water (currently being
pumped directly to the waste ponds), with a pretreatment salt precipitation in the East
Collection Pond before treatment in the treatment plant and 2) augmentation of the low
pressure only RO unit with a high pressure stage. These two approaches in combination
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may meet the present shortfall in waste disposal capacity although actual decreases in
shortfall would need to be determined from pilot tests.

Although not directly related to optimization of the RO treatment system, the feed
rate proposed in Task 1 could also be achieved through increase in the waste disposal
capacity through Pond capacity expansion. The alternatives for Pond expansion, with
varying degrees of evaporation spraying, are discussed in detail in Section 6.

Table 6. Comparison of Average Flow Rates and Species
Concentrations for Current and Proposed Treatment Systems Feed

Molybdenum
TDS (ppm) U (mg/L) Se (mg/L) (mg/L) Flow rate
(avg late
Feed HMC 5800 134 1.3 17.4 415 | Sept 2009)
Revised Feed 3600 6.7 1.8 450
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6 EVAPORATION RATES AND NEED FOR ADDITIONAL
EVAPORATION CAPACITY

6.1  Estimate of Lake Evaporation Assuming Fresh Water. An estimate of the
annual lake evaporation rate for fresh water from the existing ponds was developed using
the procedure presented in Appendix D. Based on that analysis, a maximum 124
gallons/minute (annual average) could be evaporated. This does not account for the
salinity of the existing liquids in the pond.

6.2  Effect of Salinity. To estimate the reduction in evaporation rate because of
the brine, it was assumed that the water in the ponds was fully saturated brine. Using the
brine and fresh water plots from M. Al-Shammiri “Evaporation rate as a function of
water salinity,” Desalination 150 (2202) 182-203, an approximate rate reduction of 50%
for brine compared to fresh water was obtained. This would suggest that an approximate
evaporation rate for the brine of 62 gpm. This compares to the passive rate of evaporation
measured by Homestake of approximately 80 gpm. It is noted that all these calculations
are an average over the year, with summer evaporation expected to be higher and winter
evaporation to be lower. It is also noted that evaporation rates vary between studies, as
well as the interpretation and application of results of the studies specifically to
Homestake. For example, Homestake has referenced the Salhotra et al. 1985 study as
indicating a reduction of 10% from fresh water to brine. The 50% rate from the Al-
Shammiri study, adjusted upwards by the factor of 80/62, is used in the remainder of this
discussion as an illustrative example but with the reservation that any sizing of ponds
would need to use field data directly collected from Homestake to accurately predict the
relationship between brine concentration, pond area, and evaporation rates.

6.3  Need for Additional Evaporative Capacity. Since 80 gpm is less than the
current flow rate into the ponds (~170 gpm), there appears to be a need for additional
measures beyond passive evaporation. It is anticipated that an average evaporative
capacity of 200 gpm is required (see Appendix D). The current operation is utilizing
evaporative spraying to augment the evaporation rates, with the combined passive and
augmented evaporation rates being approximately double the passive evaporation rates.
For the existing operating ponds, this results in an evaporation rate of 160 gpm.
Assuming evaporative spraying is continued at the same level as present, the shortfall of
40 gpm could be accomplished by expanding the existing pond capacity by
approximately 11 acres (see Appendix D).

If evaporation sprayers were used only on the new evaporation pond of 30 acres, (use
only of passive evaporation on Ponds 1 and 2), the evaporation rate is estimated to be 190
gpm, which is less than the 200 gpm flow rate. The calculations indicate a potential
need for approximately 36 acres surface area instead of the 30 acre surface area of the
pond currently being constructed (see Appendix D). It is noted, however, that only
surface evaporation, not additional pond volume, was assumed in calculating the brine
capacity for the third pond of 36 acres. Therefore, it is not expected that any immediate
shortfall of capacity will result if evaporative spraying was used only on the third pond
currently being constructed.
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If evaporation sprayers were not used on any of the ponds, the estimated total
evaporation rate would be 135 gpm. Again assuming a flow rate of 200 gpm and capacity
from only passive evaporation from the three ponds, the additional capacity beyond the
two operating ponds was calculated to be 52 acres. This indicates the potential limitation
of brine capacity on the complete discontinuation of evaporative spraying.

In summary, these calculations suggest that additional evaporative capacity is
necessary for the proposed flow of 200 gpm if the current system or less spray
evaporation is used. If the current evaporation spraying level is continued on all ponds,
including the 30-acre third pond currently under construction, there appears to be
adequate long-term evaporative capacity. If spray evaporation was discontinued on Ponds
1 and 2, a slight evaporative undercapacity was predicted. However, this undercapacity
could be met by the increase in volumetric capacity from the third pond, which was not
taken into account in the calculations discussed here. Finally this analysis suggests that a
long-term pond evaporative undercapacity would result if spray evaporation was
discontinued on all ponds.

Another way to increase evaporative capacity is to optimize the current Turbomist
evaporation setup or equipment. A detailed evaluation of the different evaporation
augmentation equipment is beyond the scope of this RSE. However, it is recommended
that Homestake review and consider the information supplied by TASC. This
information, which includes an article comparing different types of evaporative sprayers,
additional facts on the Turbomist system, and several web addresses with information on
evaporative sprayers is included in Appendix E.

The USACE recommends that for whatever option is adopted, including hybrids of
the example options above, the option be well developed with site specific and design
information to provide accurate predictions of the long-term evaporative capacity needs.
Also, the USACE recommends that the size of the additional evaporation pond be based
on the amount of evaporative capacity as calculated from the actual mix of evaporation
and treatment equipment and operation that will be employed. This will ensure that the
evaporation capacity of the additional pond will be adequate to meet the long-term
evaporative capacity needs of the site.
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7 GROUNDWATER MONITORING NETWORK AND AIR
MONITORING PROGRAM

7.1  Groundwater Monitoring.

7.1.1 Environmental Monitoring Objectives. The rationale for collecting
samples from each well at the Homestake site is not clear (though some wells are
compliance points and are required to be sampled). Some samples may be collected to
support specific operational decisions for the extraction and injection systems, and these
needs may change year to year or even month to month. A more strategic approach to
monitoring may allow a significant streamlining to the monitoring program yet provide a
program more focused on the true objectives of the sampling. The primary reasons for
collecting samples at the site include:

- monitoring progress of the source reduction due to flushing of the large
tailings pile,

- monitoring of the containment of the alluvial aquifer plume emanating from
the tailings piles to assure capture,

- monitoring the containment of the downgradient uranium and selenium
plumes in the alluvial aquifer west and southwest of the site,

- monitoring of the concentrations and lateral and vertical extent of the
downgradient plumes in the alluvial aquifer to track the response of the
plumes to reductions in mass flux from the sources,

- verify the boundary between saturated and unsaturated alluvium

- monitoring of the capture and migration of the Chinle plumes

- monitoring concentrations at possible exposure points (domestic or irrigation
wells), and

- compliance with existing licenses and permits.

A program that relates every sample to one or more of these objectives would be
appropriate. The program should specifically identify the appropriate (“optimal”)
network, sampling frequency, and analytical suite.

Note that the Access database of sampling results and other observations from the
Homestake is a very powerful data management tool, especially given the massive
amount of data that have been generated over the past 35 years or more. However, there
were noticeable errors in the database, such as in the measurement point elevations for
certain C series wells as noted above. An effort to identify and fix such errors should be
conducted, and it may be necessary to review the quality control processes for data entry
to the site database.
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Ground water piezometric measurements are necessary to:

- identify ground water flow direction changes that may affect plume migration
- support determination of capture zones for the extraction and injection systems
- support analysis of the lateral extent of saturated alluvium

Ground water piezometric monitoring should be addressed as part of the monitoring
program planning and in the future each event should represent a relatively complete
snapshot of the aquifer conditions over one relatively short period of time. The water
levels in wells near the limits of the saturated alluvium should be compared to estimated
top of rock elevations to assess changes in the extent of saturated alluvium and the
amount of ground water requiring capture.

7.1.2 Monitoring Network. The Homestake site monitoring program includes a
very large number of available wells for sampling and water level measurement,
comparable to any of the largest remediation sites in the US. There are more than an
adequate number of wells available for monitoring the conditions in the alluvial aquifer.
There are a number of areas at the site that could be adequately characterized with fewer
sampled wells due to the proximity of the currently sampled wells, including the area
near the former mill, downgradient of the southwest corner of the large tailings pile, and
near the evaporation ponds. The monitoring within the large tailings pile needs to be
standardized with specific wells suitably screened within the tailings used for monitoring.
The use of the dewatering/injection wells with very long screens makes the interpretation
of the results very difficult. It is likely that the number of wells sampled in the large
tailings pile could be decreased, provided the remaining wells are adequately distributed
and represent the ambient conditions.

The monitoring networks for the Chinle aquifers are sparser than for the alluvial
aquifer. In evaluating the available data for the Upper and Middle Chinle aquifers, it is
apparent that there are areas where the plumes are not well bounded, particularly in the
northern portion of section 35, north of Broadview Acres. Additional sampling would
appear to be necessary there. In addition, additional wells would be useful to bound
plumes in the Upper Chinle aquifer southeast of the large tailings pile, and in the Middle
Chinle around CW-1.

7.1.3 Monitoring Frequency. Based on a review of ground water samples taken
in 2008 and 2009 (through July), approximately 365 wells were sampled at some point in
that period. Most wells did not appear to be sampled on a regular basis, but the sampling
occurred with an approximate frequency of either annual (about 190 wells) or semi-
annual (about 85 wells). Only about 15 wells had a sampling frequency that appeared to
approximate a quarterly sampling schedule. At least 70 wells were sampled less than
once per year. This represents a major investment in time and cost for the collection and
analysis of the samples, and the validation and management of analytical results.

The frequency of sampling should be based on the use of the data and should consider
the impact of unexpected results on decisions at the site, the time necessary to take action
if additional actions are needed, the rate at which ground water may migrate, the timing
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of changes to the remedy that may affect the plume (e.g., significant changes in the
pumping or injection locations and rates), and the frequency with which the collected
data are assessed by the project team. Given the nature of the alluvial aquifer ground
water velocities (estimated to be on the order of magnitude of 500 ft/year), the nature of
the potential human exposures at the site, the degree to which Homestake staff can
rapidly respond to changes in the plume, and oversight given to the conditions at the site,
the sampling frequency does not need to be extreme. Qualitatively, the sampling
frequency could be annual, with semi-annual sampling at key locations upgradient, side-
gradient, and downgradient of extraction systems. Compliance point wells should
continue to be sampled according to all existing requirements.

7.1.4 Sampling Methodology and Analytical Suite. The current use of low-flow
sampling appears to provide good quality data. The use of no-purge sampling
techniques, such as Hydrasleeves and Snap samplers may be considered to reduce the
time necessary to sample the wells. A demonstration of these techniques side-by-side
with current practices could demonstrate comparability between results obtained using
each method. Refer to the Interstate Technology and Regulatory Council Technical
Regulatory Document on “Protocol for Use of Five Passive Samplers to Sample for a
Variety of Contaminants in Groundwater” (ITRC, 2007). Note that any comparison
should identify the presence of mineral precipitates, particularly iron oxides, in the
monitoring wells that may act to accumulate radionuclides and to increase turbidity in
samples. If any dedicated tubing or pumps appear to have such accumulations, the no-
purge sampling methods may not be appropriate.

The analytical suite can be evaluated based on the known distribution of the site
contaminants. Given the long history of sampling in most site wells, the expected
contaminants in different portions of the site could guide what analyses are chosen for
samples from those areas. Though it is not recommended to tailor the suite of analytes
for each individual well, wells to be sampled could be grouped by their general location
relative to the sources and the mobility of the various contaminants. Again, the
objectives for the sampling need to be considered.

7.1.5 Further Optimization Opportunities. Given the size and complexity of the
monitoring program at the site, further quantitative optimization studies for the program
are likely to be warranted. Homestake is encouraged to apply tools such as MAROS,
GTS, or the Summit monitoring optimization tools. Refer to the EPA/USACE Roadmap
to Long-Term Monitoring Optimization (EPA 542-R-05-003, 2005, available at
http://www.frtr.gov/optimization/monitoring/ltm.htm).

7.2 Air Monitoring Program

7.2.1 Environmental Monitoring Objectives. The broad objective for the air
monitoring program completed annually at the Homestake site is to ensure compliance
with the regulatory requirements of 10 CFR 40 and 10 CFR 20 with respect to the
exposure of members of the public from licensed activities at the site. As stated in the
Semi-Annual Environmental Monitoring Report for July-December 2008 that was
transmitted to NRC in February 2009, the design of the monitoring program is closely
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based on the guidance contained in NRC’s Regulatory Guide 4.14, Revision 1, which was
published in April 1980. The Semi-Annual Report acknowledges that some monitoring
activities differ from those presented in the Regulatory Guide but does not provide
additional information to identify or support those differences. The air monitoring
program requirements to ensure compliance with occupational dose limits for HMC
workers are also discussed in the Semi-Annual Report, but the results of monitoring are
not provided. The August 2008 NRC Inspection Report 040-08903/08-001, determined
that routine occupational air monitoring was not required due to the lack of exposed dry
tailings. Radon flux measurements are also performed annually and are reported in the
Annual Monitoring Report.

7.2.2  Monitoring Network. The number and location of monitoring stations for
particulate and radon gas sampling meet the minimum requirements outlined in Table 2
of Regulatory Guide 4.14. Those requirements are for continuous monitoring at three
locations at or near the site boundary that have the highest predicted concentration of
airborne particulates; one or more locations at the nearest residence or occupiable
structure; one control location; and five or more radon gas monitors collocated with the
particulate samplers. See monitoring locations map in Figure 21 below.

The Semi-Annual Report indicates that the predominant wind direction is from the
Southwest and locations HMC-1, -2, and -3 are identified as the locations with the
highest predicted air particulate concentration. No meteorological data for the
monitoring period is provided to confirm that conclusion. Wind direction data from the
on-site meteorological station should be collected during each monitoring period and
presented in the report. HMC included a wind rose in the 2009 Annual Irrigation
Evaluation Report submitted to NRC. A similar figure should be provided with the air
monitoring results in the Semi-Annual Environmental Monitoring Reports.

Monitoring locations HMC-4 and -5 are considered by HMC to be representative of
the nearest residence. This assumption appears appropriate for assessing the dose from
windborne particulates from the HMC site. The number of monitoring locations for
radon gas in the residential area may not be sufficient. Results of sampling conducted
during June-December 2008 show that the highest radon concentrations are not
associated with the locations in the dominant wind direction. In fact, the highest
measured radon concentration for this period was associated with HMC-6, the location
that is considered the control for air particulate sampling. This may indicate that the
preferred radon pathway from the site is not dependent on wind direction but on some
other process. It is likely that additional radon monitors, 2 to 3, located between the
current monitoring stations near the residential areas would be cost-effective at assessing
the apparent preferential radon pathway direction.

The number and location of control monitoring stations may not be adequate to meet
the overall objective of ensuring compliance with the public dose limit in 10 CFR
20.1301. As calculated in Attachment 4 to the Semi-Annual Report, the Total Effective
Dose Equivalent estimated for the maximum exposed individual is highly dependent on
three assumptions: that the radon background from location HMC-16 is representative of
background in the HMC-4 and -5 areas; that use of an occupancy factor other than 1 for

44
Final 12/23/10



the exposed member of the public is appropriate; and the equilibrium concentration ratio
between radon gas and its decay products. The equilibrium issue is discussed in Section
7.2.4 below.

The HMC report should better describe why different background locations are
appropriate for air particulates and radon gas monitoring based on observed pathway
differences. Additionally, the use of multiple radon background locations should be
considered as it may better represent the distribution of background radon concentrations
in the area potentially impacted by Homestake effluent releases. Historical studies of
other uranium tailings piles (Shearer, 1969) have observed that atmospheric radon
concentrations were not impacted beyond a distance of 0.5 mile from the pile.

The use of occupancy factors is generally not allowed when comparing site boundary
concentrations directly to those in Table 2 of Appendix B of 10 CFR 20. If 10 CFR
20.1302(b)(2)(1) is used to determine compliance with the public dose limit, an
occupancy factor of 1 is generally required. See NRC position at,
http://www.nrc.gov/about-nrc/radiation/protects-you/hppos/qa68.html. The use of an
occupancy factor is allowed when calculating the dose for the maximum exposed
individual, however, the 75% (271 days/yr) used in the calculation is for an average
resident and may not be appropriate, unless confirmed annually, for some residents that
are not away from home 6 hours per day.

Homestake is also required to monitor the radon flux from the LTP and STP on an
annual basis. HMC uses two simplifying assumptions for determining compliance with
the radon flux limit of 20 pCi/m?2s that should be confirmed. The assumption that the
radon flux from the LTP side slopes has remained constant since 1994/1995 when last
measured should be reconsidered given the amount of potential movement of
contaminants within the pile caused by the flushing program. It is assumed that it will be
also measured again as part of the final closure. The assumption that the flux from the
large STP area covered by the evaporation ponds is 0 pCi/m?2s needs to be justified.
Recent monitoring of the radon flux from EP-1 by HMC indicates that the flux is greater
than 0 pCi/m”s and the report calculations should be modified to include this new data.
Though radon has the potential to diffuse into the ponds from the STP below, it is more
likely that radium-226 in pond sludge may be providing a source of radon that could be
easily released through the spraying program. The HMC assumption that the Rn-222
concentration in the evaporation pond water is equal to the Ra-226 concentration in the
water is inconsistent with general groundwater conditions where the Rn-222
concentration is generally many times higher than the dissolved Ra-226 value. This
assumption should be checked by sampling the pond water for Rn-222 and the estimation
of Rn-222 released by spraying modified.

7.2.3 Monitoring Frequency. The air monitoring frequency currently
implemented at the Homestake site is appropriate for meeting the overall objectives of
the program.
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7.2.4 Sampling Methodology and Analytical Suite. The radionuclides monitored
at HMC, uranium, thorium-230, and radium-226 are all those identified in Regulatory
Guide 4.14 except for lead-210. This discrepancy should be discussed in the reports and
the basis for not including the radionuclide identified.

The air particulate data reported from the contract laboratory should be required to
indicate actual results instead of less than the lower limit of detection. The error
estimated by the laboratory for the uranium results should not be given as “not
applicable.” Though mass spectroscopy method may have less inherent error than
radiochemical methods, the total estimated error including air sampling, etc. should be
determined. Changes were made in the 2009 Semi-Annual Environmental Monitoring
Report to improve laboratory data reporting.

As identified in 7.2.2 above, the radon decay product /radon equilibrium fraction is
extremely important in determining the dose from exposure to radon gas. Homestake
assumes a 20% radon decay product equilibrium in their calculation of the committed
effective dose equivalent to the maximum exposed individual. HMC should perform
appropriate sampling to confirm the validity of the assumed equilibrium under various
diurnal and seasonal fluctuations.

7.2.5 Further Optimization Opportunities for the Site Monitoring. As
discussed in Section 8.1.3 below, EPA is currently panning for additional air and radon
sampling within the residential areas of the site to support a human health risk
assessment.
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8 IRRIGATION WITH CONTAMINATED WATER

8.1  Risk Issues. Since 2000, Homestake has applied uranium and selenium
contaminated irrigation water to four fields corresponding to approximately 400 acres.
Contaminant concentrations in the irrigation water and affected soils are sampled each
year and a report summarizing the 2000-2008 monitoring program was published in
March 2009. The 2009 Annual Irrigation Evaluation report, published by HMC in
March 2010, includes measurements of selenium and uranium concentrations in hay
grown on the irrigated land, a RESRAD dose assessment, and air dispersion modeling for
radon released from irrigated lands.

8.1.1 Uranium Radiological Dose/Risk Estimation. The RESRAD computer
code, Version 6.5, developed by Argonne National Laboratory was used to estimate the
radiological dose and risk that may be incurred by a future resident living on the irrigated
land. The RESRAD code uses a sorption-desorption ion-exchange model to estimate the
leaching of soil contamination to groundwater. The leaching of uranium from the
irrigated lands back into the alluvial aquifer was identified as concern by the RSE
Advisory Group. The default contaminated zone area, 10,000 square meters, was used in
the RESRAD calculation with a homogenous layer of contamination 2 meters thick with
100 meters parallel to the aquifer flow. The concentrations of the three uranium isotopes
were input as 10 picocuries per gram (pCi/g) of uranium-238, 10 pCi/g of U-234, and 0.5
pCi/g of U-235. This activity corresponds to 30 mg/kg of natural uranium, and should be
sufficient to address potential buildup from additional irrigation, if performed. Uranium
decay products were initially set at 0 pCi/g and allowed to in grow over a 1000 year
calculation period. Several site specific water and soil parameters were used and are
highlighted in the RESRAD Summary Report in Appendix F All pathways in the model
were included and the receptor was modeled to be present on-site 100 percent of the time,
divided equally between indoor and outdoor activities. The results of modeling indicate
that because of site specific conditions and the depth to groundwater in these areas, it is
not expected that uranium in the upper two meters of soil will have a significant impact
on groundwater in the alluvial aquifer. Because the dose, and risk, is mainly driven by
external radiation exposure and ingestion of plants grown in the contaminated soil, the
dose decreases rapidly after several hundred years as the uranium in the contaminated
zone is removed by various processes, including erosion (erosion assumed to be 1 mm/yr,
largely due to wind action).

The RESRAD model does not address the dose and risk from the use of contaminated
irrigation water that is not associated with leaching from the contaminated zone. To
assess the potential dose from the continued use of contaminated irrigation water, an
additional RESRAD run was made using the same contaminated zone and irrigation rate
yet leaving other soil and water parameters at the default settings. Using these inputs,
contamination leached to groundwater and the uranium contaminated well water was then
used for irrigation. The input soil concentrations were adjusted so that the leached
uranium concentrations in well water were equivalent to the 0.44 mg/L total uranium
irrigation limit that has been used since 2000. The resulting well water uranium isotope
concentrations of 147 pCi/L U-238, 147 pCi/L U-234, and 6.1 pCi/L U-235 equate to 300
pCi/L total uranium which is equivalent to 0.44 mg/L assuming natural abundance. At
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the point in the model when the well water uranium concentrations had reached 300
pCi/L, the uranium levels in the contaminated zone had been significantly reduced by
erosion. The resulting water dependent pathway doses are attributable only to the use of
contaminated irrigation water. It is assumed that the resident will continue to use
contaminated irrigation water while living on the contaminated zone, therefore the doses
and excess cancer risks from all pathways are summed and presented in the Tables 7 and
8 below.

The largest contributor to the estimated dose and risk is the consumption of plants
irrigated with contaminated water. Overall excess cancer risk is near the top of the
CERCLA risk range 1E-06 to 1E-4. There are many conservative assumptions included
in this estimate and none of the irrigated areas are currently inhabited. Two potential
exposure pathways that were not included in this estimation were the direct ingestion of
contaminated groundwater and use of water with uranium concentrations greater than
0.44 mg/L for irrigation.

Summary of Estimated Dose for Resident on Irrigated Land
Table 7
(mrem/yr)
RESRAD Water
Pathway Independent Dependent* Total
Ground (External) 1.52 1.52
Inhalation 0.25 - 0.25
Radon 0.29 0.04 0.33
Plant 1.23 10.5 11.7
Meat 0.04 0.49 0.53
Milk 0.10 1.07 1.17
Soil 0.21 = 0.21
All Pathways 3.64 12.1 15.7

*Water dependent pathway doses are associated with the continued use of contaminated
irrigation water at the historically limited concentration of 0.44 mg/L total uranium. All maximum
water independent doses occur at year=0 except radon maximum water independent dose at
year=1000 is used.

Summary of Estimated Excess Cancer Risk for Resident on
Table 8 .
Irrigated Land
RESRAD Water
Pathway Independent Dependent* Total
Ground (External) 33E-05 e 3.3E-05
Inhalation 15E-06 e 1.5E-06
Radon 5.1E-06 7.8E-07 5.9E-06
Plant 1.4E-05 1.1E-04 1.2E-04
Meat 4.6E-07 4.4E-06 4.9E-06
Milk 1.1E-06 1.2E-05 1.3E-05
Soil 23E-06 e 2.3E-06
All Pathways 5.7E-05 1.3E-04 1.8E-04

*Water dependent pathway risks are associated with the continued use of contaminated irrigation
water at the historically limited concentration of 0.44 mg/L total uranium. All maximum water
independent risks occur at year=0 except radon maximum water independent risk at year=1000 is
used.
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8.1.2 Selenium Soil Screening Level Comparison. In the March 2009 Irrigation
Report, Homestake compared the selenium concentrations measured in hay to the
National Research Council maximum tolerable concentration (MTC) for selenium in
cattle feed of 2 mg/kg. This is an important consideration as the average selenium
concentrations have historically been slightly below the MTC. In 2009, different grasses
were planted and may concentrate selenium better than the previous hay varieties. The
actual concentration should be confirmed prior to using the grasses for cattle feed.

The EPA Regional Screening Levels for Chemical Contaminants at Superfund Sites
web-based calculator, http://epa-prgs.ornl.gov/cgi-bin/chemicals/csl_search, provides a
resident noncarcinogenic risk-based screening level for selenium in soil of 391 mg/kg.
This is well above levels in the irrigated areas. Even considering the multiple
contaminants present, the uptake of selenium in plants potentially used for cattle feed is
more of a concern at the levels currently present.

8.1.3 EPA Risk Assessment. EPA is currently planning to implement additional
sampling throughout the residential and irrigated areas to support a complete human
health risk assessment. EPA has discussed the scope of work for the risk assessment with
the RSE advisory group.

8.2 Future Alternatives.

8.2.1 Treatment of Irrigation Water. An alternative to the current practice of
directly applying untreated extracted groundwater for irrigation is removal of
contaminants above the discharge levels through treatment before application to the land.

Currently, the maximum allowable concentration of uranium (0.44 mg/L) in irrigation
water is based on NRC effluent release criteria and the maximum allowable selenium
concentration is based on a site-specific background value. Though not specifically
applicable to irrigation water, the New Mexico Water Quality Control standards for
uranium (0.03 mg/L) and selenium (0.05 mg/L) are much lower than the irrigation
discharge maximum concentrations. This alternative is developed in response to
stakeholder concerns and to provide the regulatory agencies with a potential course of
action for treatment, regardless of the driving reason.

A treatment system similar to that currently used in the treatment plant (chemical
pretreatment, followed by removal of salts and metals by reverse osmosis) was
considered impracticable because of the long distances needed to transport the reject
water from the chemical pretreatment to the evaporation ponds (4-5 miles by road) and
the undesirability of transporting waste through the residential communities in which the
areas of irrigation are located.

An alternative treatment alternative was developed using ion exchange. The relatively
high calcium and bicarbonate concentrations in the irrigation water suggests the uranium
is either in a non-ionic form or is present in an anionic form. If present in a non-ionic
form, pretreatment of calcium by ion exchange with a cationic resin may be necessary
and would result in the uranium forming anions that would be treated by available
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uranium removal resins. The pretreatment would result in the need to regenerate the
softening resins. The brine from the regeneration would need to be transported to the
evaporation ponds. Based on brine production in municipal softening system, this is not
expected to be excessive, but would represent additional effort and truck traffic back to
the main treatment plant.

The irrigation water chemistry (Table 9) was provided to REMCO Engineering (805-
658-0600, http://www.remco.com/ixidx.htm), who indicated that the company has
resin(s) highly selective for uranium. The capital costs for a uranium treatment system
(two columns in series with a particulate filter, assuming use of existing extraction well
pumps to pump the water to the treatment plant) are estimated to be ~$750,000, with
O&M costs of approximately $100,000 per year (assuming 400 cu ft of resin would be
used at a cost of $200/cu ft). Spent uranium-specific resin could be either disposed of on-
site or off-site. On-site regeneration of the resin through the use of a sodium chloride
brine may be an alternative (see for example, http://www.adedgetech.com/uranium.html).
In this case, the brine would be collected and trucked to the evaporation ponds for
disposal.

Table 9. Average Concentrations of Species in

Homestake Untreated Irrigation Water

Species Average | Species Average
Conc

Cations (mg/L) Anions

Sodium 285 | Bicarbonate 460

Potassium 8 | Carbonate 0

Magnesium 65 | Sulfate 840

Calcium 242 | Chloride 180

Dissolved Iron 0 | Nitrate 3.5

Metals

Uranium 0.28

Selenium 0.06

8.2.2 Reduction of the Mobility of Uranium in Soil. Although leaching of
uranium is not considered to be a likely risk, mobility of the uranium in the irrigation soil
could potentially be reduced through application of soil amendments such as organic-rich
materials (e.g., compost or manure) or a phosphate-rich material such as bone meal.
Since the impacts to ground water were not anticipated to be significant, these options
were not researched further, but may be considered if other information comes to light
that suggests that uranium immobilization may be necessary.
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9 SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

9.1  Conclusions. The current remediation systems have been successful at
reducing concentrations in ground water at the site and Homestake/Barrick seems to have
truly been conducting the work with the intent of restoring the environment. There are a
number of major conclusions from the evaluation of the efforts.

» Ground water remediation is very unlikely to be achieved by 2017.

* Flushing of the large tailings pile is unlikely to be fully successful at
removing most of the original pore fluids or to remediate the source mass
present in the pile due to heterogeneity of the materials.

- There is a potential for rebounding in contaminant concentrations in the
pile following cessation of flushing.

- The addition of water to the tailings complicates the capture of
contaminated water from the alluvial aquifer

* Long screened intervals in wells complicate the interpretation of water
quality in and below the large tailings pile.

* An additional source may be located in the vicinity of the former mill site

* Control of the contaminant ground water plumes seems to depend on both
hydraulic capture and dilution

* Proposed pilot testing of immobilization approaches in and below the LTP
may be valuable.

* There may have been widespread impacts on the general water quality (e.g.,
ions such as sulfate) of the alluvial aquifer since mill operations began, but
the limited amount of historical data precludes certainty in this conclusion.

» Upgradient water quality has declined over time, primarily in the western
portion of the San Mateo drainage and this may be affecting concentrations
in northwestern portions of the study area.

* Ground water modeling has generally been done in accordance with
standard practice. The seepage modeling likely overestimates the efficiency
of flushing of the tailings.

* The control of a uranium plume in the Middle Chinle aquifer may be
incomplete

* There are no apparent impacts to the San Andres aquifer, though the number
of wells in the San Andres in the study area is relatively small.
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* There is no indirect evidence of leakage from the evaporation and collection
ponds, though the interpretation of water level and concentration data are
complicated by the significant injection and extraction conducted in the
immediate vicinity of the ponds.

* Current constraints to treatment plant operations include the evaporative
capacity of the ponds, clarifier operation, and possibly RO capacity.

* Evaporation rates for the ponds at the site are likely to be in the 65-80 gpm
on an annual basis when accounting for climatic conditions and salinity of
the pond contents

* The monitoring program at the site is extensive and not clearly tied to
objectives.
- The potential monitoring network is very large, particularly in the alluvial
aquifer. There may be redundancies in the network in a number of locations
in the alluvial aquifer. Additional monitoring points are necessary in the
Upper and Middle Chinle aquifers to better define plume extent and
migration.
- Monitoring frequency is irregular but generally from semi-annual to
annual. Only a relatively small number of wells are sample more or less
frequently in recent years.
- Air particulate monitoring appears adequate to assess anticipated effluent
releases from the site; however, there is a need to confirm assumptions
regarding radon background, preferential radon flow direction and radon
decay product equilibrium that may require additional sampling.
- Potential for release of radon from the STP/evaporation pond area should
be assessed.

* Irrigation with contaminated water has resulted in accumulation of site
contaminants in the soil of the irrigated land. These accumulations are
unlikely to migrate to the water table over time, however.

» Water used for irrigation could be successfully treated with ion exchange
technology

9.2  Recommendations. Based on the analyses conducted, a number of
recommendations are offered below. Note that regarding several issues, no specific
recommendations are made, but the conclusions from the analysis could be used by
all agencies and stakeholders in assessing future actions.

* The flushing of the tailings pile should be ended. If this is not adopted, a
pilot test of the potential for rebound in concentrations should be conducted
in a portion of the tailings pile. Monitoring should be conducted in depth-
specific wells with short screen lengths.
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* If the field pilots to reduce uranium concentrations in the groundwater
through adsorption or in-situ precipitation are approved and the results from
the pilots are promising, apply in larger scale to applicable portions of the
LTP and the groundwater.

* Simplification of the extraction and injection system is necessary to better
focus on capture of the flux from under the piles and to significantly reduce
dilution as a component of the remedy.

* Further evaluate capture of contaminants west of the northwestern corner of
the large tailings pile.

* If not previously assessed, consider investigating the potential for
contaminant mass loading on the ground water in the vicinity of the former
mill site.

* Further investigate the extent of contaminants, particularly uranium, in the
Upper and Middle Chinle aquifers and resolve questions regarding
dramatically different water levels in wells in the Middle Chinle.

* Additional collection of geochemical parameters, including dissolved
oxygen and oxidation reduction potential, of the groundwater beneath and
downgradient of the LTP to characterize the geochemical environment and
the role that reducing conditions induced by the flushing have had in
immobilization of the selenium (and the potential that cessation of the
flushing may lead to less reducing conditions and release of the selenium).

* Consider geophysical techniques, such as electrical resistivity tomography
to assess leakage under the evaporation ponds

* Assure decommissioning of any potentially compromised wells screened in
the San Andres Formation is completed as soon as possible.

* Consider construction of a slurry wall around the site to control contaminant
migration from the tailings piles. The decision for implementing such an
alternative would depend on the economics of the situation. Though HMC
has conducted previous economic analyses of this alternative, the analysis of
the payback due to reduced (but not eliminated) cost of operations of the
ground water treatment system was not attempted for this study, could be
revisited in light of other recommendations.

* Relocation of the tailings by any means should not be considered further
given the risks to the community and workers and the greenhouse gas
emissions that would be generated during such work.
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* Consider either the pretreatment of high concentration wastes in the
collection ponds as is currently being pilot tested, or adding RO capacity to
increase treatment plant throughput and reduce discharge to the ponds

* Review of the spray evaporation equipment and potential optimizations of
the equipment to increase the rate and efficiency of evaporation.

* Develop a comprehensive, regular, and objectives-based monitoring
program.
- The evaluation should identify redundant alluvial aquifer wells for
exclusion from the program (e.g., near the former mill site and southwest of
the large tailings pile).
- Identify additional well locations required in the Chinle aquifers to better
define the plumes.
- Sampling frequency should be annual with semi-annual sampling in
critical areas.
- Quantitative long-term monitoring optimization techniques are highly
recommended.
- Any optimization effort should include an open discussion with
stakeholders.
- Consider passive samplers.
- Perform sampling of radon decay products to confirm equilibrium
assumption.
- Consider use of multiple radon background locations to better represent the
distribution of potential concentrations.
- Reconsider the use of the 0.75 occupancy factor and use a value of 1 in
accordance with NRC guidance.
- Assess the concentration of radon in evaporation pond water and the radon
gas potentially released from the evaporation ponds, especially during active

spraying.

* Though risks appear minimal with the current irrigation practice, consider
treatment of contaminated irrigation water via ion exchange prior to use as a
means of removal of contaminant mass from the environment.

9.3  Approach to Implementation of Recommendations. Some of the
recommendations can and should be implemented without consideration of other
recommendations. Some recommendations can only be implemented in conjunction with
others or depend on the outcome of additional characterization or studies. A suggested
approach to implementation of the recommendations is provided here.

The recommendations that should proceed independent of any other
recommendations include: 1) the evaluation of the potential escape of contaminants at
the northwestern portion of the site, 2) the evaluation of the vicinity of the former mill
site as a potential source of ground water contamination, 3) further characterization of the
extent and migration of the Chinle plumes, 4) complete decommissioning of potentially
compromised San Andres wells, 5) development of a comprehensive, optimized
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monitoring program, and 6) implement treatment of contaminated irrigation water to
remove contaminant mass from the environment.

Several recommendations should be part of a fresh look at the overall ground water
remediation strategy for the area around the tailings piles. Tailings flushing should be
discontinued in conjunction with revamping of injection locations in the alluvial aquifer
to minimize recirculation of water. At the same time, pumping should be allocated in
areas to assure full capture of the flux of water from and under the tailings. Based on this
evaluation, the need for modification to the treatment plant and the true need for
evaporative capacity should be further considered.
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Scope of Work
Final 8/20/09

US Army Corps of Engineers Environmental and Munitions Center of Expertise
Focused Review of Specific Remediation Issues
Homestake Mining Company (Grants) Superfund Site, New Mexico

Based on discussions between the US Environmental Protection Agency (USEPA) and
the New Mexico Environmental Department (NMED), interested stakeholder groups, and
Homestake Mining/Barrick Gold, the following tasks will be performed by the US Army
Corps of Engineers (USACE) Environmental and Munitions Center of Expertise (EM
CX) to supplement past Remediation System Evaluation work at the site. In general, the
review is intended to provide a critical review of the current remedial ground water
strategy, including whether other approaches or technologies could be incorporated that
may be more efficient and/or effective at achieving site closure goals. The outcome will
be a summary of any recommended modifications necessary to improve performance or
overcome performance deficiencies, or that would potentially reduce life-cycle costs or
time to achievement of remedial goals. The analysis will not address the issues regarding
the site background levels or specified cleanup goals. Specifically, the USACE EM CX
would:

1) Evaluate the adequacy of plume capture, horizontally and vertically, of the ground
water plumes in the alluvial and Chinle aquifers, using the recent EPA guidance on
capture analysis (EPA, 2007) as a guide. The conceptual model of ground water flow
and contaminant transport in the natural aquifers would be evaluated and refined. No
ground water modeling will be conducted as part of the analysis, though a limited
assessment of the approach to ground water modeling conducted by Homestake will be
performed. As part of the evaluation, the effects of and alternatives to specific
components of the current remedial strategy including: a) pumping/injection in the Chinle
and alluvial aquifers, b) diversion of ground water upgradient of the large tailing pile
(LTP), c) use of clean/treated water injection, and d) irrigating with untreated water in
downgradient areas would be evaluated. Capture analysis would be conducted using
analytical groundwater equations, preparation and analysis of piezometric maps, graphs
of contaminant concentrations in specific monitoring and production wells, and
professional judgment. Heterogeneity (e.g., channels, faults, etc.) in the subsurface
pathways, a range of site and climatic conditions, and site geochemistry will be
considered. The potential impacts from site conditions on the San Andres aquifer will be
addressed to the extent possible with existing information. Potential human health issues
surrounding the current irrigation practices would be assessed and alternatives to current
practices would be conceptually developed. Alternatives to current practices that may be
considered include, for example, different pumping and injection locations, in-situ
immobilization, passive treatment, deep-well injection, or other technologies. The
analysis will identify: areas where certainty of capture is low, recommendations for
further investigations, suggested alternative extraction/injection operational strategies,
necessary pilot testing, and, where possible, conceptual designs/descriptions of
alternatives. The evaluation will also address to the extent possible the likelihood that the
ground water restoration efforts will achieve performance objectives by the end of 2017.
No detailed designs or rigorous cost estimates would be prepared. The report will



include a brief description of the conceptual model developed as part of the analysis.
Detailed descriptions of the site conditions will not be provided, though references for
such information will be cited.

2) Evaluate the overall strategy (including cost-effectiveness and protectiveness) of
flushing contaminants from the LTP and discharging contaminants to evaporation ponds
for eventual long-term entombment and to assess alternative remedial strategies. The
analysis will include the critical evaluation of the current conceptual model for flushing,
geochemical changes, heterogeneity, and evaluation of mass balance for water injected
and recovered from the toe drains, LTP extraction wells, and downgradient extraction
wells. The use of similar flushing approaches and the observed performance for such
applications will be researched. Alternatives to the current strategy (e.g., slurry walls,
immobilization, etc.) that would achieve the intended goal of restricting future
contaminant mass flux to the underlying aquifers would be conceptually developed. The
rough costs for such alternatives would be compared to a rough estimate of the costs,
risks, and environmental impacts of fully removing the tailings from the site. The ability
to monitor for leakage from the ponds will also be assessed through a qualitative review
of the monitoring well network in the vicinity of the ponds and an assessment of
inspection and repair methods. The results of the analysis would include a brief critique
of the current LTP conceptual model, descriptions and rough costs for any promising
alternatives to the current site actions at the LTP, and the assessment of the leakage from
the ponds. These would be documented in the report. No detailed designs or rigorous
cost estimates would be prepared.

3) Assess potential modifications to the reverse osmosis (RO) units and related treatment
components to achieve full capacity operations of the treatment plant. The analysis
would include development of conceptual designs for modifications to the existing plant
or addition of new equipment or alternative treatment processes to improve plant
effectiveness, throughput, and cost efficiency. These proposed modifications would be
developed in conjunction with the overall strategy for capture of site plumes and
management of the tailings piles. The role that increased RO system treatment capacity
would potentially play in alternative remedial strategies will be assessed. The
recommended changes or additions would be conceptually described in the report and
accompanied by rough cost estimates. No detailed designs or rigorous cost estimates
would be prepared.

4) Evaluate the projected evaporation rates for the new and existing ponds. This would
include independent calculation of lake evaporation considering salinity of the water in
the ponds, an evaluation of the need for spray evaporation enhancements with the
addition of the proposed [permitted?] evaporation pond 3, and an evaluation of
alternatives to spray evaporation enhancements. The impact on the necessary
evaporation rates due to alternative strategies for treating extracted water (or changes in
the flow rates to the ponds as a result of the analysis of the capture adequacy) would be
considered in comparing evaporative capacity to what is needed. Calculations,
explanations, and recommendations, if any, will be provided in the report.



5) Assess the monitoring network for sufficiency (both laterally, vertically) and possible
redundancies, as well as to determine appropriate sampling frequency. The analysis of
ground water monitoring would be conducted using a non-quantitative approach that
considers:

- the rate of contaminant transport, including behavior of the different chemical
species

- previously observed variability in contaminant concentrations,

- historical trends in concentrations,

- frequency of routine data analysis by interested stakeholders,

- location of monitoring wells to potential receptors,

- locations of monitoring wells relative to other monitoring wells, and

- the time available to modify the remedy based on evidence of any unexpected
plume migration.

The recommended frequency and locations could be based on any or all of these
considerations. The results of the analysis would be tabulated in tables, maps, and/or
text in the report. The conclusions may include identification of areas possibly
requiring additional monitoring points, general sampling frequency recommendations
for wells in different parts of the site/plume, specific recommendations for sampling
frequency in certain wells, and possibly redundant monitoring wells. The report may
also make recommendations for sampling and analytical methods, data management,
and reporting requirements. The report may recommend a more detailed quantitative
analysis using more sophisticated software.

The current air monitoring program will also be critically evaluated regarding sampling
location, methods, analyses, frequency, and interpretation of results. The report will
provide recommendations, as appropriate, regarding these aspects of the air monitoring
program.

6) Evaluate the appropriateness of the current practice of irrigating with untreated water,
particularly in light of the new NMED and EPA water quality standard for uranium (0.03
mg/L). The analysis may include considerations of alternative operational strategies,
necessary additional monitoring or modification to the monitoring approach, potential
impact of recharge on ground water flow, and/or modifications to the current approach to
addressing downgradient portions of the contaminant plumes (including treatment). The
conclusions and recommendations will be documented in the report.

7) Qualitatively assess the small tailings pile (STP) as a potential source of ground water
contamination and need, if any, for ultimate capping of the STP beyond the planned
radon barrier. This assessment would primarily involve determination of historical
ground water concentration trends for wells around the STP and the assessment of the
means to assess leakage, if any, from Pond 1, as discussed in item 2 above. The results of
the assessment would be documented in the report text supported by various figures, if
appropriate.
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Remediation System Evaluation (RSE)
Advisory Group and Communication Plan for the
Homestake Mining Company Superfund Site

Goals of the RSE Advisory Group and Communication Plan: The goals of the RSE Advisory

group are to provide an opportunity for citizens, the responsible party (RP), and other interested
stakeholders to interact with EPA in the development of the scope for the follow-on RSE, to
provide pertinent site background information that will be useful in preparation of the RSE, to
review draft and final RSE reports, and to provide a direct communication channel to EPA and
the regulatory agencies involved in preparing the RSE. The goal of the communication plan is to
document the communication strategy between individuals preparing the RSE, the RSE Advisory
Group, and the regulatory agencies.

RSE Advisory Group Members: RSE Advisory Group members will consist of a subset of

concerned citizens, technical advisors that support citizen interests, the site owner and site owner
representatives, regulatory personnel, and individuals performing the follow-on RSE. The
following table provides a list of proposed RSE Advisory Group members:

RSE Advisory Group Members

Name Affiliation Email Address Phone Number
(optional)
Candace Head- | Citizen cuh148@psu.edu 505-404-4349
Dylla
Milton Head BVDA miltonhead@gmail.com 505-287-3496
Art Gebeau BVDA gebeau(@7cities.net 505-287-3613
Laura Water Quality Specialist, | haakuwater@yahoo.com 505-552-6604
Watchempino Pueblo of Acoma x5547
Richard Abitz Technical Support rabitz@cinci.rr.com 513-226-5329
contractor to BVDA
Paul Robinson Southwest Research sricpaul@earthlink.net 505-262-1862
Information Center,
Advisor to Pueblo of
Acoma
Chris Shuey Southwest Research sric.chris@earthlink.net 505-262-1862

Information Center,
Advisor to Pueblo of
Acoma

Al Cox Homestake Mining acox(@barrick.com 505-400-2794
Company of California

George Hoffman | HydroEngineering hydro@alluretech.net

Rocky Chase Homestake Mining rchase@barrick.com 801-990-3747
Company of California

Kathy Yager U.S. EPA Office of yager.kathleen@epa.gov 617-918-8362




Superfund Remediation

and Technology
Innovation
Sai Appaji U.S. EPA Region 6 appaji.sairam@epa.gov 214-665+3126
Donn Walters U.S. EPA Region 6 walters.donn(@epa.gov 214-665-6483
Robert Ford U.S. EPA National Risk | ford.rober@epa.gov 513-569-7501
Management Research
Laboratory
Jerry Schoeppner | New Mexico jerry.schoeppner@state.nm.us 505-827-0652
Environment Department
David Mayerson | New Mexico david.mayerson@state.nm.us 505-476-3777
Environment Department
John Buckley Nuclear Regulatory John.Buckley@nrc.gov 301-415+6607
Commission
David Becker RSE Team dave.j.becker@usace.army.mil | 402-697-2655
Carol Dona RSE Team carol.l.dona@usace.army.mil | 402-697-2582
Brian Hearty RSE Team brian.p.hearty@usace.army.mil | 402-697-2478

Communication Plan: The primary form of communication will be through conference calls, the

internet, and email. Due to time and cost considerations, in person meetings will be kept to a
minimum. All individuals listed on the RSE Advisory Group will be included in all email
correspondence and invited to participate in all conference calls.

Proposed Conference Calls

1.

98]

RSE Advisory Group and Communication Plan Discussion: Purpose — to discuss the
draft RSE Advisory Group and Communication Plan

Scope of Work Discussion 1. Purpose - to discuss revised draft SOW for the USACE
and finalize the RSE Advisory Group and Communication Plan

Scope of Work Discussion 2. Purpose - to discuss the final USACE SOW

Progress Report. Purpose - for EPA and USACE to report out on progress and
preliminary findings of the follow-on RSE and solicit input from the RSE Advisory
Group

. Draft Report. Purpose — to discuss the draft Follow-on RSE report and RSE Advisory

Group Comments

Final Report — Purpose — to discuss RSE Advisory Group report comments, response to
comments, and changes to the draft Follow-on RSE report

Others as necessary

Timing of Conference Calls: It is proposed that conference calls be held at 12:00 noon Mountain
Time to accommodate individual work schedules, however the call schedule may change based
on future needs




Posting of Information: All information related to the Follow-on RSE, the RSE Advisory Group,
and the Communication Plan will be posted on an internet site hosted by EPA referred to as the
Homestake Mining Company Lotus Notes Quick Place Site. User access will be provided to all
RSE Advisory Group members and other key contacts listed above. Each member will be
responsible for signing up to set up an individual username and password.

https://epaqpx.rtp.epa.gov/QuickPlace/homestake/Main.nsf?OpenDatabase

Types of information to be posted on the Quick Place Site:
1. All documents reviewed as part of the Follow-on RSE
2. The RSE Advisory Group Communication Plan
3. Draft and final reports

Individual Communications: All individual communications between a RSE Team and a
member of the RSE Advisory Group shall be summarized in written format by the RSE Team
Member and posted on the Quick Place Site under a subsection called “Individual
Communication”. The purpose of this documentation is to ensure that all information
communicated to the RSE Team is also communicated to all members of the RSE Advisory
Group.
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SRT Input  Current  Pumpé&reat

System

PUMP AND TREAT - TIER 2
Homestake Mining Superfund

Grants, NM
CAPITAL and O&M

Design for Managing Groundwater

Airline miles flown by project team (total miles for all travelerg) miles over proj lifetime
Average Distance Traveled by Site Workers per one-way tri 5 miles one-way
Trips by Site Workers during construction| 0 # over project lifetime J
Trips by Site Workers after construction)| 44000 # over project lifetime

Duraton s be <100yeas] 89 peas |

Totapumping e TN oo
Number of wells| #

Length of manifold| ft

Treatment Method|  Activated Carbon  ~ ]

Beginning Plume Mass|
Ending Plume Mass|

Tier 2: Change
Calculated Values
(dark gray boxes)

Original Plume

Plume Area| acres acres
feet
mil gals

kg

feet
million gallons
kg

Plume Length
Plume Volume|
Dissolved Mass

T Instructions:
= Enter your data here. Click button to the right of the cell for help.
= Use this default value or override witlyour own

= Calculated value. You cannot change this.

Restore Defaults

Technology Design You are here
=
[ Enhanced Bioremediation
I In Situ Chemical Oxidation
¥ PRB

[ LTM/ MNA

Materials and Consumable Amounts Used for Metrics
PVC 0.
Steel 0.
Activated carbon| 46.
120,000,000.

Gasoline (O&M)|

Natural gas|
Technology Cost
Capital

0o&mM $ over project

Project-specific Metrics (Add & Subtract/Offsetﬂ? |

Additional Technology Cost| $
Total Energy C j ]
CO, Emissions to Atmosphere| tons __|co, ]
Safety / Accident Risk| lost hours O

Design Calculations - Pump & Treat

Total pumping rate - Conbainmen\gpm

Plume volume| 437,500,000. ft3

Total pumping rate - R i 1l 450. gpm

Total pumping rate - initial estimat 450. gpm

Number of wells peracre] 005 |
Plume area 1200 acres

Number of wells| #
per well pump ratc IR oo
Adjusted per well pump rate| 7.5 gpm
Adjusted total pump rate 450 gpm
Length of manifold| 0. ft

Beginning plume mass| 11,000. kg

Operating time|

Pore volumes recovered|
Concentration reduction factor|
Adjusted CRF

Ending plume mass|

Containment pumping rate (capture zone equation): Maximum plume
width * Hydraulic conductivity * Aquifer thickness * Gradient * 2 * unit
conversions.

pumping rate 1 pore volume per year): Total
plume volume for all zones * unit conversions.

Number of wells: Number of wells per acre * Number of acres

Initial estimated total pump rate / number of wells

Adijust for pump sizes

Re-calculated based on number of wells * adjusted per well pump rate
Length of PVC for manifold: Total length of each zone + Number of
wells * Maximum plume width / 4

Treatment method entered above. If maximum concentrations is less
than 1 mg/L, then activated carbon is the default value. Otherwise, air
stripper is selected. This default value can be modified in the summary
above.

Beginning plume mass: The sum of each zone of Area of Doughnut *
Aquifer thi & porosity * repi i * unit
conversions.

Operating time: the hours per year the system is in operation.

Pore volumes recovered: Pump rate * Duration * unit conversions /
original plume volume.  This factor is used to calculate the
concentration reduction factor (CRF): If pore volumes recovered < 3,
CRF = (-0.2195* PVr) + 1. If pore volumes recovered >=3, CRF =
1.3367 * PVrA(-1.2424).  Minimum CRF = 0.05. For Containment
systems, CRF = 1.

Ending plume mass: See PlumeCalcs worksheet for calculation based
on original plume di ions and CRF. For Ci i systems, the
starting and ending mass is assumed to be the same.

Materials and Consumable Calculations - Pump & Treat

Length of PVC per well “ ft
Additional PvCpipe] 0. |t
Length of PVC for manifold (from above)| 0. ft
Conversion faclor Ibs/ft
e[ o s
Length of Steel Pipe per well 0. ft/well
Conversion factor| 10.79 Ibs/ft
Other steel per well 0. Ibs
Other steel (system-wide, eg, treatment system| 0. Ibs

Operating time| 8,320. hrslyr
Average concentration 0.0001 mg/L
K 28.
1/n parameter| 0.62
Activated carbon_lbs
Power requirements| 300. kW per hr
Operating time| hrslyr
Electrici kwh

Length of PVC per well: default value is depth to groundwater + aquifer thickness.
Additional PVC pipe: optional amount of PVC in the Pump and Treat system.

Amount of PVC: [PVC per well * number of wells + additional
PVC pipe + PVC for manifold] * conversion factor. This value is
calculated for Capital or both Capital and O&M projects.

Length of steel pipe per well includes well screen.

Conversion factor for weight of steel pipe.

Other steel per well includes equipment such as pumps.

Other steel for system includes weight of air stripper or carbon tanks.
Amount of steel: [Steel pipe per well * number of wells *

conversion factor + Other steel per well * number of wells +

other system components]. This value is calculated for Capital

or both Capital and O&M projects.

Amount of activated carbon, if required by treatment system, is
based on average concentration in recovered groundwater (a
function of pump rate, operating time and duration), and
contaminant-specific parameters from Dobbs and Cohen, 1980.
This value is calculated for O&M and both Capital and O&M
projects.

Amount of electricity over project lifetime: Power requirements
* Operating time in hours / year * Duration (input above). This
value is calculated for O&M and both Capital and O&M projects.
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SRT Input Current Pump&Treat System


Linear feet for trenching| 0. ft
Trenching rate 300. ft/hr
Trenching fuel cor rate| gallhr
Fuel for trenching gal
Linear feet for drillint ft
Drilling rate] ft/day
Drilling fuel consumption rate gal/day
Fuel for drilling| gal
Total fuel (diesel; capital phase] gal

0.

0.

0.
100.
0.

0.

0.

Vehicle mileage (transportation for activated carbon dlsposal mpg
| o ]

Miles traveled for activated carbon disposal (O&M| miles (project total)

Diesel (O&M phase)| gal
Jet fuel use rate per passengel gal/mi
Weight of passenger + luggage Ibs
Total air miles (all passengers; input above| 0. miles
Jet fuel (capital phase; 0. gal
Jet fuel (O&M phase) 0. gal
Vehicle mileage (travel 15. mpg
Miles traveled (capital 0. miles
Gasoline (capital 0. gal
Vehicle mileage (travel 15. mpg
Miles traveled (O&M; 440,000. miles
Gasoline (O&M phase)| 29,334. gal

Total fuel (gasoline + jet fuel) - Capital phasd 0. gal
Total fuel (gasoline + jet fuel) - O&M phasd 29,33 gal

Natural gas requirements for PT/Therm Ox

Operation Time| 8,320. hrslyr
Natural gas flow rate 2.21 scfm
Natural gas for Therm O: 0. mcf

Natural gas requirements for Activated Carbon
Conversion factor|
Natural gas for activated carbol

Natural gas used for metrics (Therm Ox or Activated Carbon_ mcf

btu/lb activated carbon
mcf

Amount of diesel is based on the amount of fuel for trenching
plus drilling. Diesel is calculated for Capital and both Capital
and O&M projects.

Diesel for O&M is calculated based on transport for activated carbon.

Total jet fuel: Jet fuel use rate * weight * air miles input above.
The default calculation assumes 50% is used in capital, and
50% used in O&M phases.

If treatment method is Air Stripper/Therm Ox, amount of natural
gas: Natural gas flow rate * Duration (input above) * Operation
time in hours per year * unit conversions.

If treatment method is Activated Carbon, amount of natural gas:
Amount of activated carbon (calculated above) * conversion
factor.

Natural gas is used in metrics calculations for O&M and both
Capital and O&M projects.

Metrics - Baseline Calculations

Technology Cost

Volume recovered| 220,000. 1,000 gallyr
Technology Cost (Capital] 4,100,000. $
Technology Cost (O&M) 680,000. $lyear
Technology Cost (O&M)] 34,000,000. $ over project

Energy Cost - Modify usage in Materials and Consumables (above). Update costs on Conversion tab

Safety/Accident Risk

Hours worked (Capital)| 26,000. hrs
Vehicle speed 40. mph
Hours worked (O&M) 660,000. hrs
Total hours worked| 686,000. hrs
Injuries per hour 2.74E-09 injuries/hr
Vehicle miles traveled (Capitall 0. miles
Vehicle miles traveled (O&M 440,000. miles
Total vehicle miles travele 440,000. miles
Injuries per mile| 9.10E-07 injuries/mi
Lost hours per injury)| 48, hrsfinjury

Safety/Accident Rlsk lost hours

Capital and O&M Costs are based on site data from USEPA
2001. Capital cost = [277189 * Volume ~ (-0.781)] * Volume.
Annual O&M cost = [40500 * Volume * (-0.7706)] * Volume.

Safety/Accident Risk: (Statistical number of injuries from time
worked + injuries from miles traveled) * lost hours per injury.




SRT Input,

Slurry  Wall

PERMEABLE REACTIVE BARRIER - TIER 2
Hcmeslake Mining Superfund
NM

CAPITAL and O&M

Design for Managing Groundwater

Airline miles flown by project team (total miles for all travelers| miles over proj lifetime
Average Distance Traveled by Site Workers per one-way tri 5 miles one-way
Trips by Site Workers during construction 260  over project lifetime.
Trips by Site Workers after [# over project lifetime

Remediation design (Purpose)| Containment -
Wall type| Mulch -
Depthofwall __80 _]it
Total length of wall 13000 ft
‘Average COC concentration upgradient of wal {JEECN Mo/

Disposal type|_Non-hazardous ~
Remediaton duration 75— years

Tier 2: Change
Calculated Values
(dark gray cells)

Original Plume After Project
Plume Areal 1,200.
Plume Length 10,000.

Plume Volume| 3,200
Dissolved Mass| 11,000.

T

Enter your data here. Click bution to the right of the cell for help.

Restore Defaults

= Use this default value or override with your own.

= Calculated value. You cannot change this.

Technology Design
ul
=

r [ Results |

Mulch| 15,000. cuyd  Not used in metrics.
Substrate [IRPERIR] Ibs

Technology Cost
[T 17,000,000,
&M [IPRLITIN]S over project

Project-specific Metrics (Add & Subtracl/offsels) [l
|

Additional Technology Cos{
Total Energy Consumed| Mega;nules Il
CO, Emissions to Atmosphere| tons _|CO, (i
Safety / Accident Risk| lost hours |

Design Calculations - Permeable Reactive Barrier

Average COC concentration upgradient of wall ma/L
Seepage velocit 330. fuyear
Depth of wallf 80. ft

Total length of wall___13,000. _|ft

Wall thickness it

Volume (total) [NROOONIN] cu yd

Depth to water[NED
Volume below waterl__29.000. _|cuyd
Composition ratio[____50% __]gravel
muich

Volume of gravel| cuyd
Volume of mulch cuyd

Dump truck volume | “ cu yd
Fluff factor (gravel or sand)
Number of loads for gravel (or sand) [ loads
Fluff factor (mulch or iron)}
Number of loads for mulch (or iron) #loads

Distance from site to gravelisand/muich sourcemlles one-way

Total miles driven] miles.

Distance from site to iron source (Z\/I) mlles one-way
Total miles driven|

Trenching ratel m_ mday
Hours to install wall trenching)|
Sprean/cempacmn rate| cu ydine
Hours to install wall (mamngrm

Volume of trench spoils (mr dlspnsa\) cuyd

=

Dump lmck vnlume

Loads for disposal

Distance to disposall mlles one-way
Miles driven for disposal miles

cu yd

Original plume mass divided by plume volume, converted to mg/L.
Seepage velocity is calculated on InputGW tab.

Entered above. Restore Defaults (Detail Section)
For Source Remediation, the default is the width of Plume Zone 1

(entered on INpUtGW tab). Otherwise, the default is the maximum

plume width of all zones entered on the IputGW tab. ~ Wall

thickness is based on the type of wall, average COC concentration

upgradient of the wall, and seepage velocity. Mulch walls range from

210 6 feet thick; 2VI walls range from 2 to 4 ft.

Depth * total length * thickness, divided by 27 to convert to cubic yards.

Depth of wall must be greater than the depth to water. Edit depth to water on InputGW tab.
Composition is based on type of wall, average COC concentration upgradient of the wall, and seepage

velocily.

Volume below water * composition ratio.

Volume of gravel or sand * fiuff factor, divided by dump truck volume.

Volume of mulch or iron * fluff factor, divided by dump truck volume.

Wall length divided by trenching rate, multiplied by 24 (to convert to hours).

Materials and Consumable Calculations - Permeable Reactive Barrier

Length of PVC per well 80.
Number of monitoring points
Conversion facto it
Ibs
Substrate (O&M) Ibs
Linear feel lar dnng ﬁ
ing rate__100. |
Drilling fuel consumpucn rate| “ gauaay

Fuel for driling (diese) gal

<
S 2
-——5¥=

Fuel consumption rate, trencher|
Fuel for trenching (diesel)

Fuel consumption rate, loader| galihr

Fuel for loading/fll diesel) gal

gal/hr
gal

%

Fuel consumption rate, delivery and disposall____ 8. |mpg
Total miles] miles
Fuel for delivery/disposa gal

Total fuel (Diesel, Capital gal
Total fuel (Diesel, O&M)
Jet fuel use rate per passenger| _0.0000097 _|gal/mi
Weight of passenger + luggage| 200, |
Total air miles (all passengers; input above)

Jet fuel (O&M)

Vehicle mileage (ravel

“ [mpg
Miles traveled (Capital] miles

Gasoline (Capita)_174. __|oal

Vehicle mileage (travel____ 15, |mpg
Miles traveled (O&M)___ 0. | mlles
[ o 1

Gasoline (O&M)

Total fuel (gasoline + et fuel) (Capita! {INNECCINN 02!
Total fuel (gasoline + et fuel) (O&M) gal

Default number of monitoring points assumes 1 transect (3 wells) per 200 feet of wall.

PVC includes two pipes (upper and lower) installed in wall for substrate recharge during O&M phase.
Substrate for recharge / rejuventation of wall. Assumed every 5 years.
Default assumes wall depth * number of monitoring points.

Linear feet for drilling divided by driling rate, multiplied by fuel consumption rate.

Default is calculated by the hours to install wall (trenching) * fuel consumption rate.

Defaults is calculated by the hours to install wall (loading/fll) * fuel consumption rate.

Total miles includes miles driven to deliver sandiiron or gravel/mulch, and disposal.

Total Capital diesel is fuel for bringing in materials, wal installation, and disposal of spoils.
Total O&M diesel is fuel for transporting substrate for recharge of wall.
Total jet fuel: Jet fuel use rate * weight * air miles input above.

Default calculation is based on one-way distance to site * 2 * number of trips (construction)
Default calculation is number of miles traveled, divided by vehicle mileage.

Default calculation is based on one-way distance to site * 2 * number of trips (post construction)
Default calculation is number of miles traveled, divided by vehicle mileage.

IMElncs Basic Calculations

Technology Cost

Wall areal 040,00(
Unit cost (Capital) - Hazardous| 0. | $mz
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Technology Cost (Capital) - Hazardouf 0. s
Unit cost (O&M) - Hazardous| 0. |s/ft2
Technology Cost (O&M) - Hazardous| 0. |$
Unit cost (Capital) - Non-hazardous| 6. |s/it2
Technology Cost (Capital) - Non-hazardoug17,000,000.|$
Unit cost (O&M) - Non-hazardous| 4. |s/ft2
‘Technology Cost (O&M) - Non-hazardous|_62,000,000.

Cost (0&m)[_6

g

Energy Cost - Energy usage can be modified in Materials and Consumables (above). Update costs on Conversion t

Safety/Accident Risk

Vehicle speed|
Safety/Accident Risk: (Statistical number of injuries from time worked + injuries from miles
traveled) * lost hours per injury.

Injuries per mile|
Lost hours per injury|
Safety/Accident Risk]




SRT Input,

Reduced Pump&Treat

PUMP AND TREAT - TIER 2
Homestake Mining Superfund

Grants, NM
CAPITAL and O&M

Design for Managing Groundwater
Airline miles flown by project team (total miles for all travelerg)
Average Distance Traveled by Site Workers per one-way tri 5
Trips by Site Workers during construction| 0
Trips by Site Workers after construction)| 49500

miles over proj lifetime

miles one-way

# over project lifetime J
# over project lifetime

Duraton st be <100yeas] 75 peas |

ot punping e T

Number of wells|
Length of manifold|

Tier 2: Change
Calculated Values
(dark gray boxes)

gpm

#
ft

Treatment Method|  Activated Carbon  ~ ]

Beginning Plume Mass|
Ending Plume Mass|

Original Plume
Plume Area acres
feet
million gallons

kg

Plume Length
Plume Volume|
Dissolved Mass

acres
feet

mil gals
kg

T Instructions:
= Enter your data here. Click button to the right of the cell for help.
= Use this default value or override witlyour own

Restore Defaults

= Calculated value. You cannot change this.

Technology Design You are here
=
¥ Enhanced Bioremediation
[¥ In Situ Chemical Oxidation
¥ PRB

¥ LTM/ MNA

Materials and Consumable Amounts Used for Metrics
PVC
Steel
Activated carbon|

Gasoline (O&M)|

Natural gas|
Technology Cost
Capital

0o&mM

$ over project

Project-specific Metrics (Add & Subtract/Offsetﬂ? |

Additional Technology Cost| $
Total Energy C j ]
CO, Emissions to Atmosphere| tons __|co, ]
Safety / Accident Risk| lost hours O

Design Calculations - Pump & Treat

Total pumping rate - Connainmem

gpm

Plume volume| 437,500,000. ft3

Total pumping rate - R i 1l 450. gpm
Total pumping rate - initial estimat 450. gpm
Number of wells peracre] 005 |
Plume area 1200 acres

Number of wells| #
per well pump ratc IR oo
Adjusted per well pump rate| 7.5 gpm
Adjusted total pump rate 450 gpm

Length of manifold| 0. ft

Beginning plume mass| 11,000. kg

Operating time|

Pore volumes recovered|
Concentration reduction factor|
Adjusted CRF

Ending plume mass|

Containment pumping rate (capture zone equation): Maximum plume
width * Hydraulic conductivity * Aquifer thickness * Gradient * 2 * unit
conversions.

pumping rate 1 pore volume per year): Total
plume volume for all zones * unit conversions.

Number of wells: Number of wells per acre * Number of acres

Initial estimated total pump rate / number of wells

Adijust for pump sizes

Re-calculated based on number of wells * adjusted per well pump rate
Length of PVC for manifold: Total length of each zone + Number of
wells * Maximum plume width / 4

Treatment method entered above. If maximum concentrations is less
than 1 mg/L, then activated carbon is the default value. Otherwise, air
stripper is selected. This default value can be modified in the summary

above.
Beginning plume mass: The sum of each zone of Area of Doughnut *
Aquifer thi & porosity * repi i * unit

conversions.

Operating time: the hours per year the system is in operation.

Pore volumes recovered: Pump rate * Duration * unit conversions /
original plume volume.  This factor is used to calculate the
concentration reduction factor (CRF): If pore volumes recovered < 3,
CRF = (-0.2195* PVr) + 1. If pore volumes recovered >=3, CRF =
1.3367 * PVrA(-1.2424).  Minimum CRF = 0.05. For Containment
systems, CRF = 1.

Ending plume mass: See PlumeCalcs worksheet for calculation based
on original plume di ions and CRF. For Ci i systems, the
starting and ending mass is assumed to be the same.

Materials and Consumable Calculations - Pump & Treat

Length of PVC per well “
Additional PVC pipel| “

Length of PVC for manifold (from above)| 0.
Conversion faclor
e[ 0]

Length of Steel Pipe per well 0.

Conversion factor| 10.79
Other steel per well 0.
Other steel (system-wide, eg, treatment system| 0.

Operating time| 8,320.
Average concentration 0.0001
K 28.
1/n parameter| 0.62
Activated carbon_
Power requirements|
Operating time] 8320 |

Electrici

EIEIES

lbs/ft

hrslyr
mg/L

Ibs
kW per hr

hrslyr
kWh

Length of PVC per well: default value is depth to groundwater + aquifer thickness.
Additional PVC pipe: optional amount of PVC in the Pump and Treat system.

Amount of PVC: [PVC per well * number of wells + additional
PVC pipe + PVC for manifold] * conversion factor. This value is
calculated for Capital or both Capital and O&M projects.

Length of steel pipe per well includes well screen.

Conversion factor for weight of steel pipe.

Other steel per well includes equipment such as pumps.

Other steel for system includes weight of air stripper or carbon tanks.
Amount of steel: [Steel pipe per well * number of wells *

conversion factor + Other steel per well * number of wells +

other system components]. This value is calculated for Capital

or both Capital and O&M projects.

Amount of activated carbon, if required by treatment system, is
based on average concentration in recovered groundwater (a
function of pump rate, operating time and duration), and
contaminant-specific parameters from Dobbs and Cohen, 1980.
This value is calculated for O&M and both Capital and O&M
projects.

Amount of electricity over project lifetime: Power requirements
* Operating time in hours / year * Duration (input above). This
value is calculated for O&M and both Capital and O&M projects.
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Linear feet for trenching| 0. ft
Trenching rate 300. ft/hr
Trenching fuel cor rate| gallhr
Fuel for trenching gal
Linear feet for drillint ft
Drilling rate] ft/day
Drilling fuel consumption rate gal/day
Fuel for drilling| gal
Total fuel (diesel; capital phase] gal

0.

0.

0.
100.
0.

0.

0.

Vehicle mileage (transportation for activated carbon dlsposal mpg
| o ]

Miles traveled for activated carbon disposal (O&M| miles (project total)

Diesel (O&M phase)| gal
Jet fuel use rate per passengel gal/mi
Weight of passenger + luggage Ibs
Total air miles (all passengers; input above| 0. miles
Jet fuel (capital phase; 0. gal
Jet fuel (O&M phase) 0. gal
Vehicle mileage (travel 15. mpg
Miles traveled (capital 0. miles
Gasoline (capital 0. gal
Vehicle mileage (travel 15. mpg
Miles traveled (O&M; 500,000. miles
Gasoline (O&M phase)| 33,334. gal

Total fuel (gasoline + jet fuel) - Capital phasd 0. gal
Total fuel (gasoline + jet fuel) - O&M phasd 33,33 gal

Natural gas requirements for PT/Therm Ox

Operation Time| 8,320. hrslyr
Natural gas flow rate 2.21 scfm
Natural gas for Therm O: 0. mcf

Natural gas requirements for Activated Carbon
Conversion factor|
Natural gas for activated carbol

Natural gas used for metrics (Therm Ox or Activated Carbon_ mcf

btu/lb activated carbon
mcf

Amount of diesel is based on the amount of fuel for trenching
plus drilling. Diesel is calculated for Capital and both Capital
and O&M projects.

Diesel for O&M is calculated based on transport for activated carbon.

Total jet fuel: Jet fuel use rate * weight * air miles input above.
The default calculation assumes 50% is used in capital, and
50% used in O&M phases.

If treatment method is Air Stripper/Therm Ox, amount of natural
gas: Natural gas flow rate * Duration (input above) * Operation
time in hours per year * unit conversions.

If treatment method is Activated Carbon, amount of natural gas:
Amount of activated carbon (calculated above) * conversion
factor.

Natural gas is used in metrics calculations for O&M and both
Capital and O&M projects.

Metrics - Baseline Calculations

Technology Cost

Volume recovered| 220,000. 1,000 gallyr
Technology Cost (Capital] 4,100,000. $
Technology Cost (O&M) 680,000. $lyear
Technology Cost (O&M)] 51,000,000. $ over project

Energy Cost - Modify usage in Materials and Consumables (above). Update costs on Conversion tab

Safety/Accident Risk

Hours worked (Capital)| 26,000. hrs
Vehicle speed 40. mph
Hours worked (O&M) 830,000. hrs
Total hours worked| 856,000. ‘hrs
Injuries per hour 2.74E-09 injuries/hr
Vehicle miles traveled (Capitall 0. miles
Vehicle miles traveled (O&M 500,000. miles
Total vehicle miles travele 500,000. miles
Injuries per mile| 9.10E-07 injuries/mi
Lost hours per injury)| 48, hrsfinjury

Safety/Accident Rlsk lost hours

Capital and O&M Costs are based on site data from USEPA
2001. Capital cost = [277189 * Volume ~ (-0.781)] * Volume.
Annual O&M cost = [40500 * Volume * (-0.7706)] * Volume.

Safety/Accident Risk: (Statistical number of injuries from time
worked + injuries from miles traveled) * lost hours per injury.




SRT Input,  Tailings Relocation by Excavation and Truck

T Tstructions:
EXCAVATION - TIER 2 = Enter your data here. Click button to the right of the cell for help.
Homestake Mining Superfund = Use this default value or override witlyour own. Restore Defaults
Grants, NM = Calculated value. You cannot change this.
CAPITAL and O&M
Design for Managing Soil r flow:
Airline miles flown by project team (total miles for all travelers) miles over proj lifetime Technology Design
Average Distance Traveled by Site Workers per one-way trip 5 miles one-way &
Trips by Site Workers during ion 20000 # over project lifetime J ¥ Soil Vapor Extraction
Trips by Site Workers after construction 0 # over project lifetime I :
Thermal Treatment

Distance to Disposal (one-way) 20 miles _|
Type of Disposal ’WI _I

) Volume of affected soil [SSEEL DO cu ft Materials and Consumable Amounts used for Metrics
ez chelog Volume of affected soil [RRPLN NN cu yd e 21000000 F]

Calculated Values

(dark gray cells) Gasoline gal
Total hours to excavate| 720,000. person-hours
Number of loads for disposal 3,200,000. [ Technology Cost
Total miles driven for disposal [ EsElloslofefolof S miles [elellel] 116,000,000
Total hours for fill dirt placement 88,000. hours [02:4] n/a $
Number of loads of fill dirt 990,000. #
Total miles driven for fill [ 000 miles | Project-specific Metrics (Add & Subtract/Offsets) |
dditional Te Cost| $
Total Energy Cc Megajoules J
CO, Emissions to Atmosphere tons _ICO 2 _|
Safety / Accident Risk lost hours J
Design Calculations - Excavation
Area of Affected Soil 8,000,000. ft2 Volume of affected soil: Area * (Depth to Bottom - Depth to Top of
Total Thickness of Affected Soil ft Affected Soil).
Volume of affected soil [FERElo0fo[elooslol | ft3
Volume of affected soil 29,629,630. cu yd
Soil density/| Ib/ft3 Total hours to excavate: Volume of affected soil * soil density * (1
Excavation rate tons/hr ton /2000 Ibs) * (1/rate of excavation in ton/hr).
Total hours to excavate person-hours
Fluff factor (excavated soil) Loads for disposal: Volume of affected soil * fluff factor * (1/dump truck volume) * (1 yd3 / 27 ft3 unit conversion).
Dump truck volume for disposal cuyd
Number of loads for disposal 3,200,000. # loads
Total miles driven for disposal 130,000,000. | miles Total miles driven for disposal: Number of loads for disposal * 2 * Distance to disposal (input above).
Fluff factor (fill) Loads of fill dirt: Volume of affected soil (above) * fluff factor * (1/dump truck volume) * (1 yd3 / 27 ft3).
Dump truck volume for moving fill cuyd
Number of loads of fill dirt # loads
Fill spread rate 448.5 cu yd/hr Total hours for fill dirt placement, is the sum of: (1) Area (user input) * (1 yd2 / 9 ft2) / fill spread rate in
Water compaction rate 174.3 cu yd/hr yd3/hr. (2) Number of loads of fill dirt (calculated above) * dump truck volume (above) / rate of water
Spread/compaction rate 654. cu yd/hr compaction in yd3/hr. (3) Total volume of fill dirt / spread & compaction rate in yd3/hr.
Total hours for fill dirt placement 88,000. hrs
Distance from site to fill source (one way) miles Total miles driven for fill: Number of loads of fill dirt * 2 * Distance from site to fill source.
Total miles driven for fill miles
Materials and Consumable Calculations - Excavation
fuel ion rate & gal/hr Total diesel: (Total hours to excavate & place fill * Excavator fuel
Dump truck fuel use rate 8. mpg consumption rate) + (Total miles driven for disposal * Dump truck
Total fuel (diesel) [ R0 ] gals fuel use rate)
Jet fuel use rate per passenger| 0.0000097 gal/mi Total jet fuel: Jet fuel use rate* weight * air miles input above.
Weight of passenger + luggage Ibs
Total air miles (all passengers; input above) 0. miles
Totaljetiuel 0. g
Vehicle Mileage| mpg Total gasoline: (Construction + Postconstruction trips) * 2 * distance
Total fuel (gasoline + jet fuel) gal from office to site / vehicle mileage
Metrics - Baseline calculations (These calculations do not include Project-specific, direct additions / subtractions)
Technology Cost
Unit Cost (hazardous)slcu yd Technology cost is based on unit costs for disposal as hazardous waste (excavated volume *
fluff * unit cost). For non-hazardous, costs are derived from RACER (Cost = (88.59 *
Volume 30,000,000. cuyd excavated volume * fluff) + 4007). For excavation, all costs are assumed to be capital costs,
Fluff Factor (excavated soil) expended within the first year.
Technology Cost| 16,000,000,000. |$
Energy Cost - Energy usage can be modified in Materials and Consumables (above). Update costs on Conversion tab.
Safety/Accident Risk
Hours worked 840,000. hrs Safety/Accident Risk: (Statistical number of injuries from time
Vehicle Speed| 40. mph worked + injuries from miles traveled) * lost hours per injury.
Hours for travel (post-construction/site visit) 0. hrs
Total hours worked 840,000. hrs

Injuries per hour| 2.74E-09 injuries/hr

Total vehicle miles traveled| 150,200,000. miles
Injuries per mile 9.10E-07 injuries/mi
Lost hours per injury 48. hrs/injury
Safety/Accident Risk 6,6( lost hours
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SRT Output, Current Pumpé&Treat

and Slurry Wall

Instructions:
= Enter your data here.
= Use this default value or override witlyour own
= Calculated value. You cannot change this.

Recommended flow:

You are here*

* Normalize metrics to see more, go back to Inputs to adjust and
compare, go back to Main (for Tier 1/2 or Soil), or Exit.

Non-normalized
Calculations in natural units

Carbon Dioxide Emissions to Atmosphere _| NO* SO, PMyo

Ib CO,, per Ib dissolved

tonsCO, _ | mass

tons NO tons SO, tons PM ;4

480. 910. 170.

Pump & Treat

Enhanced Bio.
ISCO
PRB

19. 0.018

LTM/MNA

*: See SRT v.2 Known Issues

[Ew ]

Normalize?

Total Energy Consumed J
Megajoules

1,300,000,000.

30,000,000.

Change in Resource S

million gal J

Cost _| Npv Safety / Accident Risk _|
dollars per issolved
mass

1,600.

kwWh dollars lost hours injury risk

360,000,000. 38,000,000. 19. 4.0E-01

8,300,000.

79,000,000. 790. 1.60E+01

_—
SRT
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SRT Output,

Instructions: Recommended flow:

= Enter your data here. Nouleherer

= Use this default value or override wittyour own

= Calculated value. You cannot change this.

* Normalize metrics to see more, go back to Inputs to adjust and
compare, go back to Main (for Tier 1/2 or Soil), or Exit.
Non-normalized
Calculations in natural units
Carbon Dioxide Emissions to Atmosphere _| NO* SO, PMy, Total Energy Consumed J Cost _| NPV Safety / Accident Risk J Change in Resource S
tons CO , _| > ©@0g (RrDEIEHEE tons NO tons SO tons PM 4 Megajoules kwWh dollars GElEB (T Seved lost hours
mass mass
Pump & Treat 130. 240. 3 350,000,000. 97,000,000.
[ |
Enhanced Bio.

ISCO

PRB

19.

0.018
LTM/MNA

30,000,000.

*: See SRT v.2 Known Issues

[Ew ]

Normalize?

55,000,000. 2,300. 22.

8,300,000.

79,000,000.

790.

_—
SRT

injury risk

1.60E+01
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SRT Output, Tailings Relocation by Excavation and Truck

Instructions: flow:
= Enter your data here.

= Use this default value or override withyour own.
b @_' Technology Design Results

= Calculated value. You cannot change this.

You are here*

* Normalize metrics to see more, go back to Inputs to adjust & compare,
o back to Main (Tier 1/2 or GW), or Exit.

Non-normalized
Calculations in natural units
Carbon Dioxide Emissions to Atmosphere

NOX SO« PMyo Total Energy Consumed | Technology Cost |

tons CO, _ Ibs CO, per Ib contam tons NO tons SOx tons PM 3o Megajoules kWh dollars dollars per Ib contam

Excavation|

270,000. 100.

3,600,000,000. 1,000,000,000. 16,000,000,000. 11,000.

*: See SRT v.2 Known Issues

Normalize? | | [ Yes [5 No

SRT
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Calculations of Evaporation Pond Capacities Necessary for Disposal of Treated and
Collected Water Assuming Different Active Evaporation Spraying Scenarios

Conditions for the different active evaporation spraying scenarios were based on the
volumes of water, both treated and untreated, calculated for the proposed pump and treat
conditions assuming flushing of the Tailings Piles had ceased and the piles were being
dewatered. Both the estimated volumes and concentrations were first checked against the
current pump and treat system to ensure that the current treatment system could handle
the proposed flows, contaminant concentrations, and water quality conditions. Table 1
indicates the current inlet flows, contaminant, and water quality conditions being
observed at Homestake. Table 2 contains comparable information for the proposed
pumping conditions. Table 3 compares the two sets of operating conditions. The inlet
contaminant and water quality concentrations in the proposed pumping conditions are
similar to those in the current treatment plant so it is expected that the current treatment
system will be adequate in this regard. The proposed conditions involve a slightly higher
flow rate of 450 gpm than the current pumping operations.. Homestake has indicated that
the current treatment system can achieve at least a sustained flow rate of 540 gpm
(Homestake, 2010), which indicates that the proposed flowrate is within the capacity of
the current treatment system. It was concluded then that the current treatment system was
adequate to handle both the proposed scenario and also for continued operation under the
current conditions.

Table 1 Current Treatment Plant Operating Conditions (information supplied
by Homestake from a pilot test using both RO treatment columns, Sept 2009)

Total Flow to Flow to :?u%ction Ratio Brine/
Date GW Clarifier RO flow Product out | Brine out Product
Gpm
9/22/2009 404 418 405 272 308 98 0.24138
9/28/2009 437 437 429 294 323 106 0.24709

Average treatment feed values for current system (averaged over 2001-9, 2008 Homestake Annual
Monitoring report and associated data from Homestake Access data base)

RO/

deep URO Se RO+ Moly
TDS aquifer | +deep deep Moly RO+deep
clarifier | U clarifier TDS aquifer Se clarifier | aquifer clarifier aquifer
5800 260 0.031
ppm 13.4 mg/L ppm mg/L 1.3 mg/L 0.014 mg/L | 17.4 mg/L 0.08mg/L

Note: Deep aquifer water is added to the RO product water before reinjection



Table 2 Treatment Plant Operation Conditions for Proposed Pump
and Treat Scenario (Note 1)

Moly
Rate TDS TDS Se Se (ppm) Moly
Source (gpm) To (ppm) Avg U(ppm) UAvg (pm) Avg Note 2 Avg
Tailings 65 | Ponds > 5000 >10 ppm 0.3-0.6 0.45 50 50
SW line 2400-
(LTP) 250 | RO 7000 4700 | 2-10 6.0 | 0.5-3 1.6 10 10
1100-
STP 150 | RO 4000 2550 | 2-16 10.0 | 14 25 15 15
700-
L line 50 | RO 1100 900 | 0.2-05 0.4 0.8 0.8 1 1
Total or
avg in
feed to
RO 450 3561 6.7 1.8 6.2

Note 1: flows are intended to be conservative and may overestimate those necessary to contain plume

Table 3 Comparison of Average Flow Rates and Species Concentrations
for Current and Proposed Treatment Systems Feed

TDS U Se Moly
(ppm) | (mg/L) | (mg/L) (mg/L Flow rate (gpm)

(avg late Sept
Inlet 2009, both RO
Current 5800 13.4 1.3 17.4 | 415 | columns operating)
Inlet
Proposed 3600 6.7 1.8 6.2 | 450

Disposal of the waste streams from the current and proposed pump and treat conditions
were then used with different passive and active evaporation spraying scenarios to
calculate the evaporation pond capacity necessary for each scenario.

The three scenarios for which calculations of evaporative pond capacities and
corresponding pond surface areas were performed are the following:

1) Current active evaporative spray system with a) proposed and b) current systems
2) Active evaporation only on the proposed new pond under proposed conditions
3) Passive evaporation only on all ponds (existing and new proposed pond)

Calculations for the latter two scenarios were developed only for the proposed pumping
conditions since that requires higher evaporative capacity; therefore, the pond areas
calculated would also be sufficient for the current scenario. It is noted that a range of
scenarios could be developed with different amounts of active evaporative spraying so
these scenarios are only examples. Also, it was assumed in all the evaporation scenarios
that the current treatment plant would not be augmented by additional treatment capacity,
i.e. another high pressure RO unit or additional waste treatment through TDS reduction
outside the current treatment plant. Additional treatment, which could lower the disposal



demand on the ponds through lower waste generation, should be considered along with
changes in active evaporation spraying and/or increases in the evaporation pond capacity.
Overall optimization combinations are discussed more at the end of this section.

Table 4 shows the evaporative capacity needed for the current pumping. Table 5 shows
the evaporative capacity needed for the proposed pumping conditions. The evaporative
capacity of the existing ponds and the capacity of the existing ponds plus the proposed
third pond (additional surface area of 30 acres) are both included in Table 6. The
volumetric holding capacity of the ponds was not considered (i.e., the ponds’ capacity to
accept water only considered long-term evaporation, and not the volume to fill the
ponds). Information provided verbally by Homestake indicates that the current ponds are
near volumetric capacity.

Comparison of the current rate of waste discharge to the ponds and the current pond
evaporation capacity indicates that under the current conditions, nearly all the
evaporation capacity, both passive and active, of the existing evaporation pond system is
being used. Comparison of the waste generation under the proposed pumping and
treatment conditions indicates that discharge to the ponds would exceed the existing pond
evaporative capacity for all the evaporative spraying scenarios (Table 7). For use of the
current capacity of evaporative spraying at the existing ponds, approximately 11 acres of
additional passive (non-spraying) evaporation pond surface area would need to be added
for the proposed pumping conditions. If the same rate of evaporation spraying currently
observed for the current ponds is used on an additional pond (but ceased on the existing
ponds), an additional pond acreage of approximately 36 acres would be necessary. If no
evaporation spraying was used on any of the ponds, a pond with approximately 52 acres
of surface area would need to be added.

Table 4 Liquid to ponds, current pumping conditions
Operating information from Sept 2009 pilot running both
system operation, from Homestake 2008 Operating report
Feed
Vol rate | Vol rate

Source (gpm) (gpm)
Treatment Plant (assume 25% of feed) 240 60
Tailings Collection (direct to ponds) 50
Toe Drain Collection (direct to ponds) 11
Precipitation existing ponds (10 in/yr*
83ft/year*43 acres*43560s(q ft/acre* 1 year/365 days*1
day/1440 min*7.48 =22 gpm)

22
Precipitation existing +30 acre new pond (10 in/yr*
83ft/year*73 acres*43560sq ft/acre* 1 year/365 days*1
day/1440 min*7.48 =37 gpm)

37
Total liguid to existing ponds, including precipitation 143
Total liquid to existing ponds and 30-acre additional pond,
including precipitation 158




Table 5 Liquid to ponds, proposed pumping scenario

Assume 25% brine and blow-down -avg over
treatment system operation, from Homestatke 2008
Operating report

Vol rate
Feed (assume
Vol 25% of
rate feed)
Source (gpm) | (gpm)
Treatment Plant 450 112.5

Tailings/Toe Collection (direct to ponds)

Precipitation existing ponds (10 in/yr*
83ft/year*43 acres*43560sq ft/acre* 1 year/365
days*1 day/1440 min*7.48 =22 gpm)

Precipitation (10 in/year) existing +30 acre new
pond (10 in/yr*

83ft/year*43 acres*43560sq ft/acre* 1 year/365
days*1 day/1440 min*7.48 =37 gpm)

Total liquid to existing ponds, including precipitation 199.5

Total liquid to existing ponds and 30-acre additional
pond, including precipitation

Table 6 Evaporative Capacity of Ponds (gpm)
Present Pond evaporative capacity without evaporation sprayers

(Homestake, 2010) 80
Present Pond evaporative capacity with evaporative sprayers

(Homestake, 2010) 160
Proposed pond (30 acres) with only passive evaporative capacity 55.81
Proposed pond evaporative capacity with evaporative sprayers (30

acres ) 111.63
Total evaporation, existing + proposed ponds, capacity w/o

evaporative sprayers 135.81
Total evaporation capacity with evaporative sprayers only on

proposed pond 191.63
Total evaporation, existing ponds with evaporative sprayers,

passive evaporation only on proposed 30-acrea pond 215.81
Total evaporation, existing + proposed ponds, capacity with

evaporative sprayers 271.63

Table 7 Shortfalls in Evaporative Pond Capacity and Pond Additional Areas Needed

Liquid capacity shortfall existing ponds, current pond/evaporation, proposed conditions 40 gpm
Liquid capacity shortfall, existing ponds, active evaporation only 3rd pond, 30 acres

surface area assumed, proposed conditions 23 gpm
Liquid capacity shortfall existing ponds, no active evaporation, proposed conditions 97 gpm
Pond area necessary (with current active spraying) to augment current ponds 11 acres
Area of proposed pond if evaporative spraying used only on 3rd pond 36 acres
Area of proposed pond, no evaporative spraying any ponds 52 acres




Combination of Evaporative Capacity with other Waste Minimization Optimizations

The shortfall of evaporative capacity and volume of liquid to the evaporation ponds under
the proposed pumping conditions, assuming continuation of the existing evaporative
spraying system, is approximately 40gpm. This shortfall could be reduced by additional
pond capacity or by reduction of liquid load. The latter could be achieved by the
following:

1. Treatment of the majority of the toe and tailings water. Currently, Homestake is
collecting ~61 gpm of toe/tailings water. Under the proposed pumping conditions
65 gpm would be collected. Assuming the current treatment efficiency (75%
product, 25% brine/blowdown), the loading to the ponds could be reduced by
nearly the capacity shortfall if the toe/tailings water under the current and
proposed conditions was treated. The sustainable treatment flow rate is at least
540 gpm (Homestake 2010), with the increased feed flow rate (480 — 500 gpm) d
still achieveable within the current treatment system. However, as both the
contaminant concentrations and the salt concentrations in the feed would be
higher than those currently being treated, pilots for additional toe/tailings
treatment would need to be performed to determine if the contaminants are treated
to acceptable levels and the pretreatment adequate for system operation.

2. Addition of a second high pressure RO unit to the current RO system. The current
high pressure RO unit extracts approximately 40 gpm of product following
extraction by one of the low pressure RO units. Assuming that addition of a
second high pressure RO column would have similar extraction efficiency, a
second high pressure RO unit would also potentially address nearly all of the
capacity shortfall.
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TO: Dave Becker, RSE Team
FROM : Paul Robinson
DATE: March 18, 2010

SUBJECT: Evaporation Rate Materials

TURBOMISTER — asupplier of spray evaporation equipment used at Evaporation Pond
1 at the HMC site has a wide range of material on the theory and practice of spray
evaporation.

An overview of spray evaporation rate considerations, including droplet size, evaporator
through put and other factorsis at:
http://www.turbomi ster.com/turbomi st-evap-rates.php

An evaporation efficiency conversion chart relating pan evaporation achieved in inches
per month to volume of pond circulated through the evaporatorsis at:

http://www.turbomi ster.com/PDFs/Efficiency%20conversion%20T abl €%620T urbomist.pd
f - copy attached

A technical paper addressing evaporation theory and practice including consideration of
spray fallback factor in spray evaporation rate evaluation is at:
http://www3.interscience.wiley.com/journal/112475413/abstract?CRETRY =1& SRETRY
=0 - copy attached

Gregory P. Flach, Frank C. Sappington, and Kenneth L. Dixon, “Field Performance of a
Fan-Driven Spray Evaporator”, REMEDIATION, Spring 2006

ABSTRACT

“An emerging evaporation technology uses a powerful axial fan and high-pressure spray
nozzlesto propel afine mist into the atmosphere at high air and water flow rates.
Commercial units have been deployed at several locations in North America and
worldwide since the mid-1990s, typically in arid or semiarid climates. A commercial
spray evaporator was field tested at the U.S. Department of Energy’s Savannah River Site
in South Carolinato devel op quantitative performance data under relatively humid
conditions. A semi-empirical correlation was developed from eight tests from March
through August 2003. For aspray rate of 250 L/min (66 gpm) and continuous year-round
operation at the Savannah River Site, the predicted average evaporation rate is48 L/min
(13